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Atmospheric Transmittance/Radiance:
Computer Code LOWTRAN 5

1. ,0 HII,{CTION

'Ihis report d1:scribes a Fortran computer code, IOWTRAN 5, designed to

calculate atmospheric transmittance and radiance for a given atmospheric path at

moderate spectral resolution. This code is an extension of the current LOWTRAN
1 2

atrnospherir code, LOWTRAN 4 (and its predecessors LOWTHAN 3B, LOWTRAN
3,m cnd 3,CWTRAN 2 ), All the options and capabilities of the LOWTRAN 4 code

have brein retained, Now altitude and relative humidity dependent aerosol models

Mt'd aeC,• fog modeis iMve been ineorporated into LOWTRAN 5. In addition, exten-

sive rN. -3,roct 'ing (If tim rode into subroutines has been made for improved logical

flow u4 the pr,,grain and user understanding.

(H ctcived for publication 20 lcbruary 1080)

1. lby, J.P.A., iKnri/ya, F. X., Chetwynd1Jr., J. 1I., and hdcClatchey, R.A.
(11.17M Atmntspherie_'ranamottance/Radimncc: Computer Code LOWTRAN 4,
A 'G,-Tii-T0-0053, IAD) AO5 13643.

2. Sclhy, J. E. A., Shettle, F. P., and McClatchey, R. A. (107G) Atmospheric
Transimittance from 0. 25 to 28.5 gin: Supplement LOWMHAN 3B,
AG1,-'GI-lI{-'(ii--.258, T A040 701.

3- Sclb, J.E.A., aHd IcCt c'hc.y, ii.A. ( 1075) Atmbospheric T'ransmittance
frmm 0. 25 t, 26. 5 L.m: Computer Codc LOWTHAIN 3, T;CIL-TR-75-0255,
AD) A017 73,1.

"I. S(ll y, 3. ]. A., ,tIid MeClatchey, i. A. (1972) Atmosphe nc Transmittance
Fi1m1 '. 25F to 2 0._L/jm: Computer Code LWT[ZAN 2, AFC•IZ-TlI-72-0745,
Al1) P'A3 721.
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The LOWTRAN code calculates atmospheric Lransmittance and radiance,

averaged over 20-cm"1 intervals in steps of 5 cm-1 from 350 to 40, 000 cm-1

(0. 25 to 28. 5 pm). The 2ode uses a single-parameter band model for molecular

absorption, and includes the effects of continuum absorption, molecular scatter-

ing and aerosol extinction. Refraction and ear.h curvature are included in the

calculation for slant atmospheric paths. The code contains representative atmos-

pheric and aerosol models, and the option to replace them with user-derived or

measured values,

In this report, the model atmospheres and the new aerosol models in the code

are described in Sections 2 and 3. Following this is a discussion of the spherical

geometry with refraction used in the program. In Sections 5 and 6, a detailed

description of the calculation of atmospheric transmittance and radiance is given.

The structure of the computer code is presented in Section 7, with a listing of the

code in Appendix A and a definition of symbols used in the main program given in

Appendix B. User instructions for the LOWTRAN code are given in Section 8.

Examples of the output of the program and illustrations of transmittance and rad-

iance spectra calculated from the code are presented in Sections 9 and 10. A

comparison of the new LOWTBAN aerosol models with measurements is made in

Section 11. In Section 12, an example of the sensitivity of the code to meteorolog-

ical input parameters is given. Comments on the use and limitations of the code

are given in the last section.

In Appendix C, a segmented loader map of the LOWTBAN code run on the

AFGL CDC 6600 is given. A discussion of the method used in the program to cal-

culate water vapor density, .relative humidity, and dew-point temperature is con-

tained in Appendix D.

An additional set of stratospheric water vapor profiles for use in LOWTRAN

is described in Appendix E. In Appendix F, some previous LOWTRAN transmit-

tance and radiance comparisons with measurements have been reprinted.

The LOWTRAN 5 code will be made available from the National Climatic

center, Fý'ederal Building, Asheville, NC 28801. It is requested that users

receiving the code, remove cards LOW 320, 330 and 340 from the main program

(see Appendix A) and keypunch their name, affiliation, and address on these cards.

These cards will he used to update the AFGL LOWTRAN mailing list and for noti-

fication to users of changes in the code. They should be mailed to F. X. Kneizys,

.IsGL/OPI, Ilanscom AFL3, Bedford, MA 01731.
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2. MODEL ATMOSPHERES

The altitude, pressure, temperature, water vapor density, and ozone density

for the U.S. Standard atmosphere and fixo seasonal model atmospheres are pro-

vided as basic input data for I4OWTRAN. The model atmospheres correspond to

the 1962 U. S. Standard atmosphere5 and the five supplementary models; that is,

Tropical (15"N), Midlatitude Summer (45 0 N, July), Midlatitude Winter (450N,

January), Subarctic Summer (60°N, July), and Subarctic Winter (600N, January).

The different models are digitized in 1-km steps from 0 to 25 kin, 5-km steps from

25 to 50 krn, then at 70 km and 100 km directly as given by lcClatchey et al.

The water vapor and ozone altitude profiles added to the 1962 U.S. Standard

atmosphere by MeClatchey et a16 were obtained from Sissenwine et at and Hering

et al8 respectively, and correspond to mean annual values. The water vapor

densities for the 1962 U. S, Standard atmosphere correspond to relative humidities

of approximately 50 percent for altitudes up to 10 km, whereas the relative humid-

ity values for the other supplementary models tend to decrease with altitude from

approximately 80 percent at sea l.evel to approximately 30 percent at 10-kin altitude.

The Sissenwine profiles are representative of "moist' stratospheric water vapor

content, Alternative "dry" stratospheric water vapor profiles are provided in

LOWTIIAN using subroutine T)RYSTB-' discussed in A-ppendix E.

The temperature profiles for the six model atmospheres as a function of alti-

tude are shown in Figure 1. The pressure profiles are given in Figure 2. Fig-

gures 3a and 3b show the water vapor density vs altitude from 0 to 100 kin, and

an expanded profile from 0 to 30 kin. Figures 4a and 4b and Figures 5a and 5b

show similar profiles for ozone and for the uniformly mixed gases.

It is assumed in this report that mixing ratios of the gases, C() 2, N 2 0, CH 4 ,
CO, N2, and O2 remain constant at all altitudes At the following values: 330. 0. 28,

1. (;, 0.075, 7. 905 X 105, and 2,095 X 105 parts per million respectively. These

gases as a whole, with the exception of nitrogen, will be referred to as the uni-

formly mixed gases.

Measurements made from balloon flights 9, have shown the existence of nitric

acid in the earth's atmosphere. Although nitric acid is of only minor importance

in atmospheric transmittamne calculations, it has been shown to be a significant

source or stratospheric ,miission, particularly in the atmospheric window region

From 10 to 12 rin. Therefore, nitric acid has been added to the model atmos-

phere!s as a separate atmospho e tabrei rho r.

The concentration of atmospheric nitric acid varies with altitude and also ap-

pears to depend on latitude and season. Figure (; shows the volume mixing ratio

Because of the large number of refertences cited above, they will not be listed here.
See References, page 141,
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profile of atmospheric nitric acid as a function of altitude from the measurements

of Evans, Kerr, and Wardle. 10 For the purpose of this report, we have chosen

this profile to represent a mean nitric acid profile for the six model atmospheres

in the LOWTRAN program. This profile appears in a data statement in the pro-

gram. If a more definitive nitric acid profile for a given latitude and season is

available, the user can change the nitric acid concentration by simply replacing

the data statement given in the program.

In addition to the model atmospheres provided in this report, the user has the

option of inserting his own model atmosphere (specifically designed for direct

insertion of radiosonde data), or of building another model by combining various

parts of the six standard models.

10. Evans, W. F., Kerr, J. B., and Wardle, D. I. (1975) The AES Stratospheric
Balloon Measurements Project: Preliminary Results, Atmospheric
7nvironment Service, DownsView, Onta5io, Canada, Heport No.

APRB 30 X 4.
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3. AEROSOL MODELS

3.1 Introduction

The aerosol models built into LOWTRAN 5 have been completely revised

from the earlier versions of the LOWTrAN code, Previous versions of LOWTJAN

used the same model for aerosol composition and size distribution at all altitudes,

simply changing the concentrations of the aerosols with height which means that the

wavelength dependence of the aerosol extinction was independent of altitude.

The variation of the aerosol optical properties with altitude is now modeled by

dividing the atmosphere into four height regions each having a different type of

aerosol. These regions are the boundary or mixing layer (0 to 2 kin), the upper

troposphere (2 to 10 kin), the lower stratosphere (10 to 30 kin), and the upper

atmosphere (30 to 100 kin).

The earlier versions of LOWTRAN neglected changes in aerosol properties

caused by variations in relative humidity. These aerosol models were represen-

tative of moderate relative humidities (around 80 percent). The mnodels For the

troposphere (rural, urban, maritime and tropospheric) which were previously

used in LOWTRAN 313 and 4 have been updated according to more recent measure-

mients and also are now given as a function of the relative humidity. In addition,

two different fog models have been introduced into the program.

Only a brief description of the new aerosol models arid their experimental and

theoretical bases will be presented in this report since they are described else-

where in detail. 11, 12

3.2 Vertical Distribution in the Lower Atmosphere

The range of conditions in the boundary layer (tip to 2 kin) is represented by

three different aerosol models (rural, urban, or maritime) for each of several

___ I
I:

11. Shettle, E. P., and Fenn, R. W. (197G) hModels of the Atmospheric Aerosols
and their Optical Properties, in AGA13D Conlfrence Froceedings No. 183
Optical Propagation in the Atmosphere. Presented at the Electromagnetic
WEW r~opagation Panel Symposium, Lyngby, Denmark, 27-31 October
.975, AGAiD-CP-183, avcilable from U.S. National Technical Information
Service (No. AD-A028-t315).

12. Shettie, E. P., and Fenn, li, W. (1979) Models of the Aerosols of the L'ower
Atmosphere and the Effects of llumiditv Variations on their Optical
LProperties, AF•L-TE-79-0214, 17 Septembr.
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meteorological ranges between 2 and 50 kil, and as a function of humidity. In

the boundary layer the shape of the aerosol size distribution and the composition

of the three surface models are assumed to be invariant with altitude. Thereiore

only the total particle number is being varied. Although the total number density

of air molecules decreases approximately exponentially with altitude, there is

considerable experimental data which show that the aerosol concentration very

often has a rather different vertical profile. One finds that, especially under

moderate to low visibility conditions, the aerosols are concentrated in a uniformly

mixed layer frlom the surface up to about I- to 2-kmn altitude and that this haze

layer has a rather sharp top, which appears to be associated with the height of the

minimum temperature lapse rate. 13

The vertical distribution lor clear to very clear conditions, or meteorological

ranges from 23 and 50 kil, is taken to be exponential, similar to the profiles used

in previous versions of LOWTIZAN. Hlowever, for the hazy conditions (10-, 5-,

and 2-knm meteorological ranges) the aerosol extinction is taken to be independent

of height up to 1 km with a pronounced decrease above that height.

Above the boundary layer in the troposphere the distribution and nature of the

atmospheric aerosols becomes less sensitive to geography and weather variations.

Instead, the seasonal variations are considered to be the dominating factor. The

aerosol concentration measurements of Blifford and Ringer 1 and Hoffman et a11 7

The termns "meteoirological rTge"c and "visibility" are not always used correctly
in the literature. Correctly, , 15 visibility is the greatest distance at which it
is just possible to see and identify with the unaided eye: (a) in the daytime, a
dark object ag,, rt, tLe iorzon sky; and (b) at night, a known moderately intense
light source. Meteorological range is defined quantitatively, eliminating the sub-
jective nature of the observer and the distinction between day and night. Mete-
orological range V is defined by the Kosehmieder formula

1 1 3. 912

1 1 cE 3

where t3 is the extinction coefficient, and r is the threshold contrast, set equal
to 0. 02. As used in the 1,OWTIlAN computer code, the inputs are in terms of
meteorological range, with (3, the extinction cuefficient, evaluated at 0. 55 pim.
IF only an observer visibility Vobs is available, the meteorologieal range can beestimated as V = (1.3 ± 0.3) •vbs.

13. Johnson, R1. W. , tlering, W. S., Gordon, J. I. , and Yitch, 13. W. (1979)
Preliminary Arnlysis and Modelling Based Upon Project OPAQUE Profile
and Surface Data, AFGI,-TBI-79-0285, November.

14. Ituschke, 11. E.. (editor') (1959) Glossary of Meteorotogy, Aniericarn
Meteorlogical Society, BostohnfAt3NI pp.

15. Middleton, W. E. K. (1952) Vision Through thte Al msaphere, Univ, of Toronto
Press, 250 pp.

1ii. Blirford, 1. H., and Piinger, ,. D. (1969) The size and number distribution of
aerosols in the continental troposphere, J. Atnms. Sei. 2 6;716-726.

17. litoam nn, 1. J. , Ro:-sen, J. 1W., Pepin, T. J., and Pinnirk, R. G. (1975)
Stratospheric aerosol measurements I: Time variations at northern
latitudes, J. Atmos. Sci. ý2:1446-1456.
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indicate that there is an increase in the particulate concentration in the upper

troposphere during the spring and summer months. This is also supported by an

analysis of searchlight data by Elterman et al.

The vertical distribution of the ae,'osol concentrations for the different models
is shown in Figure 7. Between 2 and 30 kin, where a distinction on a seasonal
basis is made, the spring-summer conditions are indicated with a solid line and

fall-winter conditions are indicated by a dashed line.

3.3 Effects of Humidity Variations on Aerosol Properties

The basic effect of changes in the relative humidity on the aerosols, is that as
the relative humidity increases, the water vapor condenses out of the atmosphere

onto the existing atmospheric particulates. This condensed water inceases the
size of the aerosols, and changes their composition and their effective refractive

index. The resulting effect of the aerosols on the absorption and scattering of
light will correspondingly be modified. There have been a number- of studies of
the change of aerosol properties as a function of relative humidity. 12, 19 The

most comprehensive of these, especially in terms of the resulting effects on the
aerosol properties is the work of I-Jfnel. 19, 20

The growth of the particulates as a function of relative humidity is based on

the results tabulated by Ilfinel19 for different types of aerosols. Once the wet
aerosol particle size is determined, the complex re'factive index is calculated as
the volume-weighted average of the refractive indices of the dry aerosol substance

21
and water.

3.4 Rural Aerosols

The "rural model" is intended to represent the aerosol conditions one finds in
continental areas which are not directly influenced by urban and/or industrial

aerosol sources. This continental, rural aerosol background is partly the product
of reactions between various gases in the atmosphere and partly due to dust par-
ticies picked up from the surtace. The particle concentration is largely dependent

18. Elterman, L., Wexler-, R. , ýnd Chang, D, T. (1969) Features of tropospher ic
and stratospheric dust, Appl. Opt. 8:893-903.

19. IlAnel, Gottfried (1976) The properties of atmospheric aerosol particles as
functions of the relative humidity at thermodynamic equilibrium with the
surrounding moist air, in Advances in Geophysics, Vol 19:73-188, Edited
by ITE. I,andsberg, J. Van Mieghem, AcademicPress7,-New York.

20. It•hnel, Gottfried (1972) Computation of the extinction of visible r'adiation by
atmospheric aerosol particles as a function of the relative humidity, based
upon measured properties, Aerosol Sri. 3:377-386.

r, 21. Itale, GeorgelId., and Querry, Marvin R. (1973) Optical constants of water
in the 2 0 0-nm to 200-urn wavelength region, Appl. opt. 12:555-563.
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AEROSOL VERTICAL DISTRIBUTION IN LOWTLAN
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on the history of the air faoss carrying the aerosol particles. In stagnating air

masses, for example, under winter-type temperature inversions, the conicentra-

tions may increase to values causinig the surface layer visibilitLics to drop to i few

kilomleters.

The rural aerosols are assumed to be compopsed of a mixture of 70 percent of

water-soluble substance (annrionirnu and crlcinm sulfate and also organic com-

pounds) and 3O percent dust-like aerosols. The refractive index for these com-

ponents is based on the measurements of Volz. 22, 23

The rural aerosol size distribution is parameterized as the sum of two log-

normal size distributions, to represent the mnultiniodal nature of the atmospheric

aerosols that has been discussed in various studies. These parameters for rural

model size distribulion fall within what Whitby and Cantrell24 give as a typical

range of values for the accumulation (small) and coarse (large) particle modes.

To allow foe- the dependence of the humidity effects on the size of the dry

aerosol, the growth of the aerosol was computed separately for the accumulation

and coarse particle components. In computing the aerosol growth, changes in the

width of the size distribution was assumed negligible so only the mode radius

was modified by humidity changes. The effective refractive indices for the two

size components are then computed as function of relative humidity.

Using Mie theory for- scatiering by spherical particles, the extinction and

absorption coefficients for each of several different relative humidities were cal-

culated, Figure 8 shows the resulting values for the different relative humidities

which are stored in the LOWTRAN eode. The values have been normalized to an

extinction coefficient of 1.0 at a wavelength of 0.55 p, Ahich is the way values are

used in the program.

3.5 Urban Aerosol Model
In urban areas the rural aerosol background gets modified by the addition of

aerosols from combustion products and industrial sources. The urban aerosol

model therefore was taken to be a mixture of the rural aerosol with carbonaceous

aerosols, The sootLike aerosols are assumed to have the sanow size distribution as

both components of the rural model. The proportions of the sootlike aerosols and

the rural type of aerosol mixture are assumed to be 20 percent and 80 percent

22. Volz, Frederic E. (1972) Inflared absorption by atmospheric aerosol sub-
stances, J. Geophys. Res. 77:1017-1031.

23. Volz, Frederic E. (1973) Infrared optical constants of amnionium sulfate,
Sahara dust, volcanic purnice, and flyash, Appl. Opt. 12:564-568.

24. Whitby, K. T., and Cantrell, D. (1975) Atmospheric aerosols - characruris-
ties and measurement, International Conf. on Environmental Sensing and
Assessment, Vol. 2!, Las Vegas, NevT., 14-19 September.
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respectively. The refractive index of the sootlike aerosols was based on tile soot
, , , 25

data in Twitty and Weitnmanss survey of the refractive index of carbonaceous

materiate.

Figure U) shows the extinction and absorption coeffictents for the urban models

vs wavelength, As with the rural model the values are nor-malized so the extine-

tion cioefficient is 1. 0, at a wavelength of U. 55 p.

3.6 Maritime Aerosol Model

'ltie cornpositi )n and distribution of aerosols of oceanic origin is significantly

different from continental aerosol types. These aerosols are largely sea-salt

particles whihr ace produced by the evaporation of sea-spray droplets and then

have again grown due to accretion of watet under high relative humidit'y conditions.

"Togethert with a background aerosol of more or less pronounced continental charac-

ter they form a fairly uni"'Ur m maritime aerosol which is representative of the

boundary layer in the lower 2 to 3 km of the atmosphere over the oceans, but which

;tato will occur over' the continents in a maritime air mass. This mturitime model

stirold hr di atInguoskied from the direct sea-spray aerosol which exists in the lower

10 trr 20 ic-teres Jbove tMe ocean su'rface andt which is strongly dependent on wind
i;)t'er.t]

The ilt•l r .' a•rosol orodel, therefore, has been composed of two compoiients:

otrc Arhil'h dCv.'loped fionl sea spray; and a continentalr component which is assi ned

idenI ir 1l toI th' ru 'at aercsrol with the except ion that the very large particles were

eliminated, since' they will eventually be lost due to fallout as the air' masses move
nc rcsq u26, 27acrr'aa the oreans. This model is similar to the one suggested by Junge ' and

12
is supportted by a large body orf experimental data.

'Ihe r'refrartive index is the same as that for a solut;or of sea salt in water,

using a volumie-weighted average of the refractive indices of water and sea salt.

The rr'fra'tiv' index of the sea salt is prinarily taken fr'om the measurements of

Volz. 2Ti 'the normalized extimntion and abso p tion coefficients vs wavelength for

tire riiaritirie ari'i'sols are shown in Figur'e 10 for several relative humidities,

Zo. 'twitty, 3. T., and Weinirarl, J.A. (1971) Radiative properties of carbonaceous
aerosols, J. Appl. Mcteur. 10:725-731,

26, jurige, Christian E. (191M3) Air Chemistry and Radioactivity, 382 pp..
Academic Press, New York.

27. 3ungc, C'. . (1972) Our knowledge of the physieo-cherristry of aeresols in
the undisturbed rntrine environment, J. Geophys. lies. 77:51V3-5200.

28. Vorlz, "redo'ic E. (1.072) Infi'ared reh active index of atmospherie -,erosol
substanre, Appl. Opt. 11:755-759.
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3.7 Tropospheric Aerosol Model

Above the boundary layer in the troposphere, the aerosol properties become

more uniform and can be described by a general tropospheric aerosol model. The

tropospheric model represents an extremely clear condition and can be represented

by the rural model without the large particle component. Larger aerosol particles

will be depleted due to settling with time. This is consistent with the changes in

aerosol size distribution with altitude suggested by Whitby and Cantrell. 24

There is some indication from experimental data, that the tropospheric aero-

sol concentrations are somewhat higher during the spring-summer season than
during the fall-winter period. 16, 17 Different vertical distributions are given to

represent these seasonal changes (see Section 3.2).

The dependence of the particle size on relative humidity is the same as for the
small particle component of the rural model. The resulting normalized extinction

and absorption coefficients are shown in Figure 11 for the different relative humid-

ities.

3.8 Fog Models

When the air becomes nearly saturated with water vapor (relative hurnidity

close to 100 percent), fog can form (assuming sufficient condensation nuclei are
pres-ent). Saturation of the air can occur as the result of two different processes;

the mixing of air masses with different temperatures and/or humidities (advection

fogs), or by cooling of the air to the point where its temperature approaches the

dew -point temperature (radiation fogs). 29

To represent the range of the different types of fog, we use two of the fog

models presented by Silverman and Sprague, 30 following the work of Dyachenko. 3 1

These were chosen to represent the range of measured size distributions, and

correspond to what Silverman and Sprague30 identified as typical of radiation fogs
and advection fogs, although they also describe developing and mature fogs,
respectively. The normalized extinction and absorption coefficients for the two

fog models are shown in Figure 12 as a function of wavelength.

29. fByers, 14. I. (1959) Gene-ra] Meteorology, 540 pp., McGraw Hill, New York.

30. Silverman, 13.A., and Sprague, E. D. (1970) Airborne measurement of in-
cloud visibility, 271-276, Second National Conference on Weather Modifica-
tion, Santa Barbara, CA, 6-9 April 1970, American Meteorological
Society.

31. Dyanchenko, P.V. (1962) Experimental Application of the Method of
Mathematical Statistics to Microstructural-Fo--and Cloud 1tesearch,
Trans. A. I. Voyekova, Main cbephys. Obser.
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3.9 Aerosol Vertical Distribution in the Stratosphere and Mesosphere

Measurement programs carried out over many years show that in the 10- to

30-kmn region there exists a background aerosol in the stratosphere which has a

rather uniform global distribution. T' " - background aerosol is considered to be

mostly composed of sulfate particles fuomed by photochemical reactions.

These background levels are occasiona, *o-ed by factors of 100 or more

due to the injection of dust from massive volv, .Qtions. Once such particles
have been injected into the stratosphere the3 ,: ad out over large portions of

the globe by the stratospheric circulation and diffi ,n processes, and it requires

months or even years for them to become slowly removed irom the strato-
sphere. 32, 33, 34

There occurs also a seasonal and geographic variation of the srratospheric

aerosol layer which is related to the height of the tropopause; a peak in the aerosol

mnixing ratio (that is, ratio of aerosol to air molecules) occurs several kilometers

above the tropopause. 17, 35

The range of possible vertical distributions is represented by four different

profiles (background stratospheric, moderate, high and extreme volcanic). )ach

of these distributions is then modified according to the season. The different
scaling factors for these vertical profiles are shown in Figure 7.

The vertical distribution in the upper atmosphere above 30 to 40 km is very

uncertain because of the difficulty of obtaining reliable data. In situ measurements
are limited to those obtained by rocket flights, and these altitudes are beyond the

normal operational range of most lidar and searchlight systems which provide

most of the remotely sensed data up to 30 or 40 kin.

The most likely profile for this region is the one labelled as "Normal Upper

Atmosphere' in Figure 7; it corresponds to a constant turbidity ratio of Z 0. 2
above 40 kin. This agrees with the aerosol extinction profile obtained by Cunnold

et a13 6 by inverting measurements of the horizon radiance from an X- 15 aircraft.

32. Reiter, E. R. (1971) Atmospheric Transport Processes Part 2: Chemical
Traceis U.S. Atomic Energy Commission, Oak Ridge, TN (TID-25314)
382 pp.

33, Volz, F. E. (1975) Distribution of turbidity after the 1912 Katrmei Eruption
in Alaska, J. Geophys. Res. 80:2643-2648.

34, Volz, F. E. (1975) Burden of volcanic dust and nuclear debris after injection
into the stratosphere at 40°-5811N., J. Geophys. Res. 80:2649-2652,

35. Rosen, J.M.. I-Hofmann, D.J., and Laby, J. (1975) Stratospheric measure-
ments Ih: the worldwide distribution, J. Atmos. Sci. 32:1457-1462.

36. Cunnold, D.M., Gray, C.R... and Merritt, D.C. (1973) Stratospheric aerosol
layer detection, J. Geophys. Res. 78:920-931.

33



"-1

Measurements of the solar extinction through the atmospheric limb from the

Apollo-Soyuz mission37 tend to support this model.
38,30

Ivlev's 8 model for the upper atmosphere is shown as the curve labelled

"Extreme Upper Atmosphere" in Figure 7. It is largely based on twilight observa-
40

tions which neglected multiple-scattering effects. As a consequence, the model

has to assume very high particulate concentrations in the upper atmosphere in

order to be consistent with observations.

Nevertheless, extinction coefficients for the extreme upper-atmospheric model

are consistent with the extreme values that have been observed in layers of a few

kilometers thickness by lidar, 41, 42 inferred from rocket observations of

skylight, 43, 44 and studies of noctilucent clouds. 45

3.10 Stratospheric Aerosol Models

3.10. 1 COMPOSITION OF 1BACKGROUND STRATO-
SPHERIC AEROSOLS

The background stratospheric aerosols are taken to bc a 75 percent solution

of sulfuric acid in water following the work of Rosen4 6 and Toon and Pollack. 47

The complex refractive index as a function of wavelength is based on the meas-,• , 48 49

urements of RLernsberg ' and Palmer and Williams. 50

The size distribution is chosen to be consistent with the concentrations 01 the

particles with diameters greater than 0.3 p and those greater than 0.5 p measured

by Hofman et al17, 35 and the concentration of condensation nuclei observed by

Rosen et al51 and Kfselau. 52 The normalized extinction and absorption coefficients

are shown in Figure 13.

3.10.2 VOLCANIC AEROSOL MODELS

There are two volcanic size distribution models- a"fresh volcanic model"

which represents the size distribution of aerosols shortly after a volcanic eruption;

and an "aged volcanic model" representing the aerosol about a year after an erup-

tion. Both size distributions were chosen mainly on the basis of Mossop's 5 3

measurements following the eruption of Mt. Agung.

The refractive index for these models is based on the measurements of Volz. 23

The resulting normalized extinction and absorption coefficients for these two

models are shown in Figure 13.

Because of the large number of references cited above, they will not be listed here.
See References, page 141.

34



101 14 -. ..

II

'a 100 ... .

F- N

IC)

I-- PRXG VOLCANIC

X ........ FllE4M VOLCANIC

IC- lu-j 0-I -.1 0'

090

WRVELENGTH (MICRONS)

Figure 13a. Extinction Coefficients for the
Upper Atmospheric Aerosol Models (Nor-
malized to 1. 0 at 0. 55 w)

•: \"\,. I'..

CD ---- Am
.- . ..... VOLA" NI

FO " OL"NIC

I±J -- - NT/NCCC

101 10 101
WRV[LENGTH (MICRONS)

Figure 13a. Extinction Coefficients for, th
Upper Atmospheric Aerosol Models (Norr-
malnize to 1.0 a05

S10 g'i3

I-f) ......l t~#VA L •I
'a "

I.;!•LVEENT\ MCRN

Ciur \I0 bopto o•iiet o h

-- Vpe Ato /he \ I&slMdesCre
0pn9 gt Fgr 3

35



3.11 Upper Atmosphere Aerosol Model

The major component of the normal upper-atmospheric aerosols is considered

to be meteoric dust, which is consistent with the conclusions reached by Newkirk

and Eddy54 and later Rosen55 in his review article. Meteoric or cometary dust

also form some of the layers occasionally observed in the upper atmosphere.

Poultney 42,56 has related the lidar observations of layers in the upper atmosphere

either to cometary sources of micrometeoroid showers or noctilucent cloud ob-

servations. Divari et a15 7 have related observations of increased brightness of

the twilight sky to the Ocinid meteor shower.

The refractive index of meteoric dust is based on the work of Shettle and

Volz 5 8 who determined the complex refractive index for a mixture of chondrite

dust which represents the major type of meteorite falling on the earth.

The size distribution is similar in shape to the one developed by Farlow and

Ferry6 0 by applying Kornblum's 6 1 ' 62 theoretical analysis (of the micrometeoroid

interaction with the atmosphere and their resulting concentration in the mesosphere)

to the NASA63 model of the meteoroid influx to the atmosphere. There are two

important differences between the present size distribution model and Barlow and

Ferry's. 60 First, the present model has proportionately more smaller particles,

54. Newkirk, G. Jr., and Eddy, J.A. (1964) Light Scattering by Particles in the
Upper Atmosphere, J. Atmos. Sci. 21:35-60.

55. Rosen, J. M. (1969) Stratospheric dust and its relationship to the meteoric
influx, Space Sci. Rev. 9:58-89.

56. Poultney, S. K. (1974) Times, locations and significance of cometary micro-
meteoroid influxes in the earth's atmosphere, Space Res. 14:707-708.

57. Divari, N. B3., Zaginalio, Yu. I., and Koval'chuk, L. V. (1973) Meteoric dust
in the upper atmosphere, Solar System Res. 7:191-195. (Translated from

Astronomicheskii Vestnik 7:223-230).

58. Shettle, E. P., and Volz, F. E. (1976) Optical constants for a meteoric dust
aefrosol model, in Atmospheric Aerosols: Their Optical Pro erties and
Effects, a Topical Meeting on Atmospheric Aerosols sponisored y Optical
Society of America and NASA Langley Research Center, Williamsburg,
Virginia, 13-15 December 1976, NASA CP-2004,

59. Gaffey, M.J. (1974) A Systematic Study of the Spectral Reflectivity Charac-
teristics of the MeteorF-ite Cl.asses with Applications to the Interpretation
of Asteroid Spectra for Mineralogical arid Petrological Information.
Ph.D Thesis, M.,I.T.

60. Farlow, N.H., and Ferry, G. V. (1972) Cosmic dust in the mesophere,
Space Res, 12:369-380.

61. Kornblum, J.J. (1969) Micrometeoroid interaction with the atmosphere,
J. Geophys. Res. 74:1893-1907.

62. Koroblum, J.J. (1969) Concentration and collection of meteoric dust in the
atmosphere, J. Geophys. Res, 74:1908-1919,

63. National Aeronauties and Space Admimstration (1969) Meteoroid Environment
Model 1969 (Near Earth to Lunar Surface), NASA SP-8013 (March 1969).
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and second, the number densities for all size ranges are several orders of mag-

nitude larger than in Farlow and Ferry's 6 0 model. These differences are con-
60, 64, 65

sistent with rocket observations in the upper atmosphere.

The normalized extinction and absorption coefficients for this meteoric dust

model for the aerosols of the upper atmosphere are shown in Figure 13 as a func-

tion of wavelength.

3.12 Use of the Aerosol Models

The aerosol models defined in this report are representative of various gen-

eral types of environments. Yet, the simple question: "Which model should be

used for what location and weather situation?" is difficult to answer precisely.

Some discussion on this point is necessary to give the user some guidance in

choosing the appropriate model for a given condition.

3.12. 1 BOUNDARY LAYER MODELS

For the boundary layer of the atmosphere up to 1 t o 2 km above the surface,

the composition of the aerosol particles is primarily controlled by sources (natural

and man-made) at the earth's surface. The aerosol content of the atmosphere at

a given location, will therefore depend on the trajectory of the local air mass dur-

ing the preceding several days, and the meteorological history of the air mass.

The amount of mixing in the atmosphere is controlled by the temperature profile

and the winds. Precipitation will tend to wash the aerosol out of the atmosphere,

although it should be noted that "frontal shower')' often mark the boundary between

two different air masses with generally different histories and correspondingly

different aerosol contents.

The "rural" and the "urban" model are intended to distinguish between aerosol

types of natural and man-made origin ever a land area. Clearly, the man-made

aerosol will be predominantly found in urban-industrial areas. How ver, it is

quite likely that after the passage of a cold front, clear polar air also covers an

urban area and that therefore the rural aerosol model, which is free of the coin-

ponent of industrial-carbonaceous aerosols, is more applicable. After a few days,

as the clean air mass begins to accumulate local pollution however, the urban model

will once again become more representative.

Conversely, very often the pollution plume from major urban-industrial areas

may, under stagnant weather conditions, diffuse over portions of a continent (for

example, Central Europe, Northeastern United States), including its rural sections.

64. Soberman, R. K., and Hemenway, C. L. (1965) Meteoric dust in the upper
atmosphere, J. Geophys. Res. 70:4943-4949.

65. Lindblad, B.A., Arinder, G., and Wiesel, T. (1973) Continued rocket
observations of micrometeorites, Space Hes. 13:1113-1120.
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There is also a distinct difference between the composition of aerosols over

the ocean and those over land areas due to the different surface-based sources.

Aerosols in maritime environments have a very pronounced component of sea-salt

particles from the sea water. Sea-salt particles are formed from sea spray from

breaking waves. The larger particles fall out, but the smaller particles are trans-

ported up with the atmospheric mixing in the boundary layer. In coastal regions

the relative proportions of particles of continental and oceanic origins will vary,

depending on the strength and direction of the prevailing winds at time of

observation.

While changes in visibility are often associated with changes in the relative

humidity, (as the relative humidity approaches 100 percent the visibility tends to

decrease), it is not possible to define a unique functional relationship between the

visibility and relative humidity in the natural atmosphere. The reason for this is

that any change in atmospheric moisture content is generally also associated with

a change in the aerosol population itself due to change of the air mass. Only if the

aerosol is contained in a closed system, where only the humidity changes, can such

a unique relationship be developed. The measurements presented by Filippov and
66Mirumyants clearly illustrate the difficulties in defining a simple unique expres-

sion relating visibility and relative humidity.

3.12.2 TROPOSPHERIC AEROSOL MODEL

The tropospheric aerosol model has been developed primarily for application

in the troposphere, above the boundary layer, where the aerosols are not as

sensitive to local surface sources. However, the tropospheric model should be

used near ground level for particularly clear and calm conditions (in pollution-

free areas with visibilities greater than 30 to 40 kin), where there has been little

turbulent mixing for a period of 1 to 2 days, permitting the larger particles to

have settled out of the atmosphere without being replaced by dust blown into the

air from the surface. (The sedimentation rate of a 10-p4m radius aerosol particle

in the lower troposphere is approximately 1 km per day. 67

3.12.3 FOG MODELS

The fog models described in Section 3. 9 were presented in terms of the atmos-

pheric conditions leading to the development of the fog, so this provides a good

basis for deciding which fog model to use. In more general terms, the visibilities

will be less than 200 m for thick fogs and the extinction will be virtually

66. Filippov, V. L., and Mirurnyants, S.O. (1972) Aerosol extinction of visible
and infrared radiation as a function of air humidity, Izv. Atmos. Oceanic
Phys. 8:571-574.

67. Kasten, F. (1968) Falling speed of aerosol particles, J. Appi. Meteor.
7:944-947.
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independent of wavelength. For these conditions the advection fog model should

be used. For light to moderate fogs, the visibility will be 200 to 1000 m and there

will be a noticeable difference between the extinction for visible wavelengths and

in the 8- to 12-pmo window. For such cases the radiation fog model should be

used. For thin fog condiions where the visibility may be I to 2 kin, the 99 percent-

relative humidity aerosol models may represent the wavelength dependence of the

atmospheric extinction as well as any of the fog models.

3. 12.4 STRATOSPHERIC AND UPPER ATMOSPHERE MODELS

The background stratospheric model is representative of present (1980)*

stratospheric conditions. At irregular intervals (on the order of years) there are

volcanic eruptions which inject significant amounts of aerosols into the strato-

sphere. For the first few months following such an eruption the fresh volcanic

size distribution model would generally be the best one to use, and for the next

year or so after that the aged volcanic size distribution model should be used.

The choice of which vertical distribution profile to use would depend on the

severity of the volcanic eruption and how long ago it was. The moderate volcanic

profile is representative of the stratospheric conditions throughout the Northern

tlemisphetre during the mid and late 1960's following the eruption of Mt. Agung.

It is also lypirtal of conditions during late 1974 and 1975 after the Volcan de Fuego

eruptiton.

The high and extreme volcanic models are somewhat speculative as there have

been no direct nicasurenments of the vertical distribution of aerosol for such con-

ditions. They are however consistent with the total optical thickness for aerosols

inferred shortly after several major volcanic eruptions, 33, 34, 68 such as Katmai

and Krakatoa, as well as the effects of Mt. Agung in the Southern Hemisphere.

3. 12.5 SEASONAL, AND LATITUDE. D ,EPENDENCE OF
AEROSOL VERTICAL. DISTRIBUTION

In the mid-.latitudes as the names suggest the spring-sumnmer aerosol vertical

profiles are intended to be used during the spring and summer seasons and the

fall-winter profiles used during the fall and winter seasons. However, the sea-

sonal changes in aerosol disiribution are partially a reflection of the changes in

Note added in Proof. The eruption or Mt. St. Helens (May 1980) injected signifi-
cant amounts of volcanic dust into the atmosphere. however, it appears most of
it remained in the troposphere where it can be expeeted to settle out or be washed
out within a few weeks. On the basis of the limited quantitative information avail-
able at this early date, a best guess would be to use the moderate volcanic profile
to represent the amount added to the stratosphere.

68, Diermendjian, D. (1973) On volcanic and other turbidity anomalies,
Advances in Geophys. 16:267-296.
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Table 1. Typical Conditions for Aerosol Model Applications

1, Lower Atmospheric Models

1. 1 Rural Model

1) Natural environment, midlatitude, overland.
2) Clean air in urban regions, following passage of a cold front.

1.2 Urban Mode!

1) Urban industrial aerosol.
2) Stagnant polluted air extending into rural regions.

1.3 Maritime Model

1) Mid-ocean (at least 300 km offshore) with moderate winds (above
the first 10 to 20 meters),

2) Continental areas under strong prevailing wind from the ocean.

1.4 Tropospheric Model

I) Atmospheric region between top of boundary layer (approximately
2 k1n) and tropopause (8-18 kin, depending on latitude and season).

2) Clean, calm air (meteorological range _ 40 kim) in surface
layer over land.

1. 5 Fog Models

1. 5. 1 Advective Fog
1) Mixing of air masses of different moisture content and

temperature, leading to saturation.

2) Lacking specific knowledge on the formation process, for
mature fogs with meteorological range: V : 200 meters.

1.5.2 Radiation Fog

1) Radiational cooling of the air to the dew point at night.
2) Lacking specific knowledge on the formation process, for

developing fogs or meteorological ranges: 200 •5 V s
1000 meters.

1. 5.3 99 Percent Relative Humidity Aerosol Models

1) Light fogs (1 s5 V •- 2 kin).

2, Stratospheric and Mesopheric Aerosol Models

2. 1 '-Background Stratospheric Model

For time periods without any direct influence of volcanic dust contam-
ination, for example, 1977 to present (1980). (See footnote pg. 39)

2.2 Moderate Volcanic Profile with Fresh Aged Particle Size
Distribution

For optical thickness approximately 0. 03, up to a few years after
eruption, for' example, Northern Hemisphere, 1964 to 1968.

2.3 High Volcanic Profile and Fresh or Aged Particle Size Distribution

For optical thickness approximately 0. 1, up to a few months after
eruption, for example, Southern Hemisphere, 1964-1965.

2.4 Extreme Volcanic Profile with Fresh Particle Size Distribution

For, optical thickness approximately 0.3 or higher, up to a few
weeks after a ioajor eruption, for example, 1883 (Krakatoa) or
1912 (Katmai).

40
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the tropopause height (especially for stratospheric aerosols). So in the tropical

regions where the tropopause is generally higher, it is recommended that the

spring-summer aerosol profile be used, Analogously is the subarctic regions

where the tropopause is lower, it is recommended that the fall-winter profile be

used.

3. 12. 6 GENERAL REMARKS ON APPLICABILITY OF'
THE AEROSOL MODELS

Typical conditions for which the different aerosol models apply as discussed

in detail above are summarized in Table 1. However, it must be emphasized that

these models only represent a simplified version of typical conditions, it is not

practical to include all the details of natural aerosol distributions nor are existing

experimental data sufficient to describe the frequency of occurrence of the different

conditions. While these aerosol models were developed to be as representative as

possible of different atmospheric conditions, it should be kept in mind that the
"rural" aerosol model does not necessarily exactly reproduce the optical proper-

ties in a given rural location at a specific time and date, any nore than the mid-

latitude summer model atmosphere would exactly reproduce the actual temperature

and water vapor profiles for that same specific time and location. i

4. GEOMETRY

In general, .arth curvature has a greater influence on the path length (and

hence on the transmittance) than atmospheric refraction. For long slant paths

with zenith angles close to 900 in the lower layers of the atmosphere, however,

refractive effects can cause a significant increase in the path length (up to 30 per-

cent for a 90c path to space from ground level). Figure 14 shows the effect of

atmospheric refraction on defining the minimum height of a path trajectory from

space. The minimum height referred to here is also known as the iangent height.

In Figure 14 the difference between the geometrical (no refraction) and the actual

minimum height is plotted against the actual minimum height for three different

model atmospheres. The sketch in the upper right-hand corner of Figure 14 indi-
cates that there is also a discrepancy in the earth center angle /3 subtended by theI
trajectory, when refraction is significant. The difference /3 - /3' shown in Figure

14 is equal to the total angular deviation i of the trajectory due to refraction.

For many applications it is necessary 'o account not oniy for the effect of

refraction and earth curvature on the transmittance over a given path trajectory,

but also on the purely geometrical aspects of the trajectory itself. For example,

the total deviation qp, anglc of arrival 0, or angle /3 subtended by the path trajectory

may be required as illustrated in Figure 15, LOWTRAN calculates the quantities
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Figure 15. General Schematic of a Refracted Path
From Altitudes Hi to H2 Showing the Angles Defin-u
ing the Trajectory

4,, 3and slant range on the basis of a layered atmosphere in the following

paragraphs.

The earth's atmosphere is assumed to be divided into a series of concentric

spherical layers for each of which a mean refractive inidex is defined, H-owever,

the nion-sphericity of the earth is taken into account to somie extent by using a

different earth radius for each latitude (associated with a given model atmosphere).

Con~sider 11e. trajectory oif a ray passing from heights HII to [12 at an initial

zenith angle 6 0. Let z.i and z i+ define the boundary heights of a given layer, and

let 0.i and 0 1*1 be the local zenith angles at the respective boundaries (see Figure

15). Then at a height (if z +1 the angle of refraction is 0 i-lV The angle of inci-

dence ati at height z1 i can he defined as

sin a. (B ±z.)sin O./(f? +- (1)

I 1 1 'i /

Applying Snell's low at boundary z~ 1 we have

n. sin a n +1s in i+ (2)

I I -. 43
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where ni and ni+1 are the mean refractive indices of the layers above zi and z i+1

respectively.

Substituting for sin ai in Eq. (2), we have

ni(R + z.) sin0 = n (R + z 1 sin0+ 1 . (3)

It follows from symmetry that

ni(R0 + zi) sin 6i = ni_1 (R + zi_1) sin 0

= nf (R0 + Hl) sin 0

= consL (4)

Therefore, the angle of refraction at any level z can be written in terms of the

initial input conditions and the refractive index n0 of the layer above H1 as

sin S = n0 (R 0 + fl) sin a0 /n(R 0 + z) (5)

The angle f3i subtended at the center of the earth by the intersection of the ray with

the layer zi to zi+l is given by

0. -a-. . (6)

Thus the total earth center angle subtended by the ray when traversing the atmos-

phere from H1 to H2 is

m-1
S= Z (0i ai)(7)

ni.

= > [sin-' {A/ni(R0 + zi)} - sin-' {A/n.(Ro + Zi+)}] (8)

where m is ihe number of levels between HI and 112, and A = n(R0 + H) sin 0

The angle of arrival 0 of the ray at H2 is given by

=180'- sin- 1 {A/nmil(Ro + 12)} (9)

44



The total angular deviation of the trajector W is given by

q, =P- -60 + 180 . (10)

The effective path length between levels zi and zi+1 is given by

DS: (R + z i+) sin 0./sin Oi for 00 < O < 1800 (11)

for 0 = 00 and 1800, DSi = zi+1 - 'zi. If we assume that the equivalent absorber

amount per unit path length w for a given gas varies exponentially with altitude, we

can write

J w dz = H. [o(z) - W(zi+l)] (12)
a.

where Ei = (zi+1 zi)/log e[U(zi)/w(zi+l)], The amount of absorber W along a

path of length DS. between altitudes zi and z i+ is therefore given by

DS.

W f wds

Zi+1D S i !+f w

DS[1. (zi) - c(Zi+a )]

log e[ (Wzi)/w(zi+l)]

The total equivalent absorber amount W for a given atmosphere path is given by the
tn -

sum of the W. values for all layers; that is, W = F W. where rn is the number of
i=l

of levels traversed by the path.
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4.1 Refractive Index of Air

The following simplified version of Edlen's 6 9 expression for the refractive

index of air is used in LOWTRAN

(na 1l)l10+ 6= 77.46+o0.459\ "~2 O (4.9-037(4a X2 T 1013 2(14)

where pH2 0 and P refer respectively to the partial pressure of water vapor and

atmospheric pressure in millibars, T is atmospheric temperature in degrees

Kelvin, and X is the wavelength in micrometers (mrn).

The above expression has been used over the entire wavelength range 0. 2 to

28.5 pm in LOWTRAN. Although Edlen's 6 9 expression for the refractive index of

air is widely used in both the visible and infrared spectral regions, it is question-

able how far it should be used into the untraviolet and into the far infrared since

the formula is based primarily on measurements made in the visible part of the

spectrum from 0.43 to 0.8 gm.

4.2 Geometrical Path Configurations

When using LOWTRAN, the type of atmospheric path for which a calculation is

to be made must be specified according to one of the three broad categories listed

below.

TYPE 1. Horizontal path; that is, a constant pressure path where the

effects of earth curvature and refraction are negligible.

TYPE 2. Slant paths between two altitudes from H1 to H2.

TYPE 3. Slant paths to space from initial altitude Hi.

The variations within the latter two categories for both upward and downward

path trajectories can be seen from Figure 16.

It will be noted that two trajectories are possible for a given set of input

parameters, HI, H2, and 0 for a downward looking path (TYPE 2), provided that

H2 lies between Hl and the minimum height, HMIN.

In most instances, the reader will not be aware that two paths are possible

for a given set of input conditions. For such a case, LOWTRAN will execute the

shorter path condition (Figure 16d) and print out a message to the effect that the

case shown in Figure i6e does exist. Should the reader decide to run the latter

case, he need only set the parameter LEN equal to unity and resubmit the case.

69. Edlen, B. (1966) Metrologla 2:12.
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5, ATMOSPHERIC TRANSMITTANCE

In the. LOWTRAN model, the total atmospheric transmittance at a given wave-

number averaged over a 20-cm-1 interval is given by the product of the average

transmittances due to molecular band absorption, molecular scattering, aerosol

extinction, and molecular continuum absorption. The molecular band absorption

is composed of four components; namely the separate transmittances of water

vapor, ozone, nitric acid and the uniformly mixed gases (CO 2, N2 0, CH 4, CO,

02 and N2 ).

The average transmittance due to molecular band absorption is represented

by a single parameter empirical transmittance function. The argument of the

transmittance function is the product of a wavenumber dependent absorption

coefficient and "an equivalent absorber amount" for the atmospheric path.

5.1 Molecular Band Transinittance

In the LOWTRAN transmittance model, the average transmittance 7 over a

20-cn< 1l interval (due to molecular absorption) is represented by a single param-

eter model of the form

" f(C w *DS) (15)

where C is the LOWTRAN wavenumber-dependent absorption coefficient and to *
is an "equivalent absorber density" for the atmospheric path, DS, defined in terms

of the pressure P(z), temperature T(z), concentration of absorber W and an

empirical constant n as follows

o*= •0 P}(16)

where P0 and T correspond to STP (1 atm, 273K). If Eq. (16) is substituted in

Eq. (15) and n is set to zero and unity, respectively, Eq. (15) reverts to the well-

known weak-line and strong-line approximations common to most band models.

The form of the function f and parameter n was determined empirically using

both laboratory transmittance data and available molecular line constants. In

both cases, the transmittance was degraded in resolution to 20 cm" 1 throughout

the entire spectral range covered here. It was found that the functions f for H120

and the combined contributions of the uniformly mixed gases were essentially

identical, although the parameter n differed in the two cases. Mean values of n

were determined to be 0.9 for H2 0, 0. 75 for the uniformly mixed gases, and 0.4
for ozone.
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Figures 17a, band c show the LOWTRAN "equivalent absorber densities" given

by Eq. (16) and the true absorber densities vs altitude for water vapor, ozone and

the uniformly mixed gases. The profiles shown in these figures are for the 1962

U. S. Standard atmosphere, (MODEL = 6).

Figure 18 shows the LOWT'RAN empirical transmittance functions defined by

Eq. (15) vs the logl 0 of the effective optical depth (C w *DS). The solid function

shown is used for water vapor and the uniformly mixed gases. The dashed func-

tion is applicable to ozone.

For sufficiently small values of the argument C (w *DS, the transmittanceV
functions f were modified for calculations ror atmospheric layers of small optical

thickness. For cases where (0. 999 :s F•_ 1) the transmittance functions have the

analytic form

7= 1 - a (C w *DS)b (17)
V

with a = 0. 088 and b = 0. 81 for H 2 0 and the uniformly mixed gases and a = 0. 055

and b = 1. 03 for ozone. This pseudo-linear approximation in Eq. (17) is used in

the computer program for transmittances between 0. 999 and 1.

The parameters a and b were determined from a least-squares fit of the

empirically derived transmittance function in Eq. (15).

Absorption coefficients for water vapor, ozone, and the combined effects of

the uniformly mixed gases, digitized from the spectral curves of McClatchey

et al, 6 are included as data for LOWTRAN. The transmittance spectra from which

the coefficients were derived were first degraded in resolution to 20 c m  and the

data points were digitized at steps of 5 cm-. For the ultraviolet and visible ozone

bands, the absorption coefficients were digitized at 500 cm and 200 cm- inter-

vals respectively.

The absorption coefficients for water vapor are shown in Figures 19a and b.

Figure 19a shows the coefficients in the region from 350 to 5000 cm-1 and Figure

19b the region from 4000 to 24, 000 cm-1

Figures 20a, b, and c show the absorption coefficients for ozone. Figure 20a

spans the spectral region from 350 to 5000 cm-1, Figure 20b the region from 4000
-1 -1

to 24, 000 cm , and Figure 20c the region from 20, 000 to 50, 000 cm

The absorption coefficients for the uniformly mixed gases are shown in Fig-
--1

ures 21a and b. The spectral region from 350 to 5000 cm is shown in Figure 21a

and the region from 4000 to 14, 000 cm-1 in Figure 21b.

*Gruenzel70 has pointed out that in previous versions of LOWTRAN, the value of

FW for T = 0. 89 was in error. The correct value is 0. 4838, not 0.4342.

70. Gruenzel, R.P. (1978) Applied Optics 17:2591.
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5.2 Nitric Acid

The transmittance due to HNO 3 has been assumed to lie in the weak-line or

linear region. Absorption coefficients digitized at 5-cm- 1 intervals for the 5.9-pm,

7. 5-um, and 11.3-pMm bands of HNO 3 have been incorporated into the LOWTRAN

program as a subroutine (Subroutine HNO3). These coefficients were obtained by

Goldman, Kyle, and Bonomo 7 1 by fitting their experimental results with the sta-

tistical band model approximation, and are shown in Figure 22,

5.3 Nitrogen Continuum Absorption

The continuum due to collisior1 -induced absorptior. by nitrogen in the 4-pm

region, is included in LOWTRAN based on. the measurements of Reedy and Cho 7 2

and Shapiro and Gush73 (see also MeClatehey et al 6) and is shown in Figure 23.

71. Goldman? A., Kyle, T.G., and Bonomo, F.W. (1971) Statistical band model
parameters and integrated intensities for the 5. 9 -W, 7. 5-p, and 11. 3-p
bands of HNO 3 vapor, Appl. Opt. 1:65.

72, Reddy, S.R., and Cho, CW. (1965) Canad. J. Physics 43:2331.

73. Shapiro, M..M., and Gush, H.P. (1966) Canad, J. Phyhics 44:949.
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The transmittance due to continuum absorption is assumed to follow a simple

exponential law.

5.4 Molecular Scattering

The attenuation coefficient (kmi) due to molecular scattering, ABS(6), is

introduced into LOWTRAN via the following expression

ABS(G) = ,4 /(9. 26799 X 10 - 1.07123 X 109 X) 2 (18)

where v is in wavenumbers (cm-). The above expression was obtained from a

least-square fit to molecular scattering coefficients published by Penndorf74 and

is shown in Figure 24, This function is a change from the previous LOWTRAN

codes and improves the fit in the ultraviolet. The errors in the new function are

now less than 1/2 percent from 0.2 to 20/u.

1 ,0- 11.0

MOLECULAR
SCATTERING

/

NB•VENUMOER io- CI-

Figure 24. Attenuation Coefficient Cu Due to Mtolecular' Scat-
tering) from 4000 to 54, 000 cm-IU

74. Penndorf, B. (1957) Tables of the Refractive Index for Standard Air and the
Rayleigh Scattering Coefficient for the Spectral Region between 0.2 and 20/p
and Their Application to Atmospheric Optics, J. Opt. Soc. Amer. 47:176-
182,
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5.5 Water Vapor Continuum

The attenuation due to the water vapor continuum still eludes a complete

theoretical explanation. At present, it appears that it results from the accumu-

lated attenuation of the distant wings of 1120 absorption lines, emanating princi-

pally in the far infrared part of the spectrum. This attenuation due to molecular

line broadening occurs as a result of collisional interactions between molecules;

that is, collisions between two H20 molecules and those of other gases (principally

H 2 0:N2 collisions). Other postulates, such as the phenomenon being caused by

other absorption mechanisms involving B120 dimers, remain possibilities yet to be

proven.

However, all that can be done at present is to account for the water vapor

continuum phenomenon empirically, based on limited experimental measurements,

until better line shape theories become available. It should be emphasized that

further accurate and well-controlled measurements are urgently required in order

to account for this phenomenon in real atmospheric situations with confidence.

The general formulation used to account for the water vapor continuum, atten-

uation at a fixed temperature, has been to define the transmittance T(V) for a path

length, DS, as follows

T'Ov = e -k-(V)DSM
a

where the attenuation coefficient k(v) is given by

kMY) = [CsP1 20 + CN(PT - P2 (19)

or

k(v) = CS [PH2 + CN(PT - PH20)

where P1H 0 and PT refer to the water vapor partial pressure and the ambient

pressure respectively (atm), and wo defines the quantity of water vapor per unit

path length (gin cm-2 knm- ). The quantities CS and CN are generally referred to

as the self- and foreign (nitrogen) -broadening coefficients for water vapor.

5.5. 1 8- TO li-km H120 CONTINUUM

Recently, a review of available water vapor continuum experimental measure-

Sments were made by Roberts et al75 in the 10-pm region. These workers found

75. Roberts, R.E., Selby, J.E.A., and Biberman, L.M. (1976) Infrared
continuum absorption by atmospheric water vapor in the 8-12 pm window,
Applied Optics 14:2085.
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that an empirical expression of the form given in Eq. (L0) (below), provided a

good fit to the wavenumber dependence of the measured water vapor continuum

attenuation coefficients at 296 K. Also, the water vapor continuum attenuation

coefficient has been found to have a significant temperature dependence, Based

on the laboratory measurements of Burch76 using samples of water vapor at ele-

vated temperatures, an approximate empirical expression was obtained by Roberts

et al75 for the temperature dependence which is given in Eq. (21) below. It was
found that the attenuation coefficient due to the water vapor continuum increases

as the temperature decreases. That is, for a fixed amount of water vapor in a

given path, one would expect more absorption at colder temperatures and less

absorption at warmer temperatures. This is a somewhat unusual phenomenon.

In practice one finds less water vapor in the atmosphere under cold conditions,

therefore, the effect of temperature on the attenuation in the 8- to 14-pm region

plays two competing roles, through the total water content of the path and the

attenuation coefficient.

The empirical fits to the wavenumber and temperature dependence of the

water vapor continuum described in Roberts et al75 have been used in LOWTRAN

with the appropriate conversion of units, as follows:
-1 +2 1-ienbltl

The attenuation coefficient Cs gm cm atm at 296 K is given by the

following expression in the 8- to 14-urm region

C s(v, 296) = 4. 18 + 5578 exp (-7.87 X 10-3 v) (20)

where v is the wavenumber in cm-1 (note that v = 104 /X, where X is the wavelength

in pm).

Figure 25a shows a plot of Cs(v, 296) vs wavenumber in the 8- to 14-pm

region.

The temperature dependence of the coefficient C. was found to vary as

Cs(v,* T) =C (v, 296) exp [1800 (.Lr- _L~)] (21)

where T is the temperature in degrees Kelvin.

Equation (21) can be rewritten as follows

C(,T) = C (v, 296) exp [6. 08 (~4 29 _ . (22)

76, f3urch, D.E. (1970) Semiannual Technical Report: Investigation of the
Absorption of Infrared RadiationbyAtmospheric Gases, Aeronutronic
"Report U-4784, ASTLA (AD 702117).
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The second term in Eq. (19), defined as CN/CS, represents the ratio of the

foreign (nitrogen) -broadening coefficient to the self-broadening coefficient.

In LOWTRAN, a value at 296 K of 0. 002 for the parameter CN 1/S is used,

based on the review of the measurements. It is assumed that CN/CS does not

vary with temperature (since no supporting measurements are available).

The transmittance due to the water vapor continuum in the 8- to 14 -um region

is calculated for a horizontal path of length DS (kin) at altitude z using the follow-

ing expression in LOWTRAN

F(v) = exp [- C (v, 296)W(z)DSJ (23)

where W(z) is the effective 1120 absorber amount per unit path lengh (in gm cm=2

atm km 1) at altitude z, and Cs (u, 296) is the water vapor (self-broadened)

attenuation coefficient obtained from laboratory measurements at a temperature

of 296 K.

The quantity W(z) is given by

20z z e=p 6.08 1) + 0.002 (P 7 - PH20 (24)

where

w(z) = gm cm- 2 /km of H20 in the path at temperature T,

P 20 = H-20 partial pressure (atm) at altitude z,

PT = ambient (total) pressure (atm) at altitude z, and

T(z) = ambient temperature at altitude z (degrees Kelvin).

Note that the temperature dependence of the attenuation coefficient Cs(v, T) given

in Eq. (22) has been incorporated into the expression for W in Eq. (24), The

reason for this is so that the temperature variation over a given atmospheric slant

path is weighted equally with the water content along the path.

5. 5. 2 3. 5-- TO 4. 2-pm 1120 CONTINUUM

77'
Using the laboratory measurements of I3urch et al, an empirical expression

was obtained for the temperature dependence of the attenuation coefficients in the

3- to 5-pm region. The measurements reported in Burch et a1 7 7 were for samples

of pure water vapor made at elevated temperatures, and have been confirmed

independently by White ct al. 78

77. Burch, D.E., Gryvnak, D.A., and Pembrook, J.D. (1971) Philco Ford Corp.
Aeronutronic Report U-4897, ASTLA (AD 882876).

78. White, K. 0. , Watkins, W. R., Tuer, 7. W., Smith, F, G., and Meredith, B. E.
(1975) J. Opt. Soc. Amer. 65:1201.
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It was found that

Cs(v, T) = Cs(v, 29 6) exp [4.56 (4 1-i (25)

provides an approximate fit to the measurements for pure water vapor extrapolated

to a temperature of 296 K.

The attenuation coefficients at 296 K used in LOWTRAN for the 3.4- to 4. 2-pm

region have been digitized directly from the extrapolations reported by Burch
77

et al, and are shown in Figure 25b.

From the limited measurements available, it appears that the temperature

dependence of the water vapor continuum (due to self broadening) in the 3, 5- to

4. 2-pm region is not as strong as that in the 8- to 14-pm region.

A value for the nitrogen-broadening coefficient of 0. 12 was obtained by Burch

et a17 7 for a temperature of 428 K. Since no other measurements are available

at the time of writing, this value will be used in LOWTRAN with the same temper-

ature correction as is applied to the self-broadening term (see Eq. (26)).

As for the 8- to 14-pin region, the transmittance for a horizontal path of

length DS (kin) can be calculated using Eq. (23), where the parameter W(z) is now

given by the following expression for the 3, 5-. to 4. 2-prm region

W(z) = w(z) [1l 2 0 + 0. 12 (PT - exp [4. 56 (- - 1 (26)

As in Eq. (24), the temperature dependence of the attenuation coefficient has

been incorporated into Eq. (26). It will be noted that the nitrogen-broadening

coefficient in the 4 -prn region is more significant relative to the self-broadening

term than in the 10-pm region. Again it should be emphasized that the above

expressions are approximate and further measurements are required to determine

the temperature dependence of the nitrogen-broadening coefficient, as well as more

accurate values for the wavelength dependence of the self-broadening coefficient at

ambient temperatures (for example, 296 K) and its temperature dependence.

5.6 Aerosol Transmittance

Within a given atmospheric layer of path length, DS, in kin, the transmittance,

T(M), due to aerosol extinction is given by

= EXP [-EXTV(V) X HAZE X DS] (27)

where EXTV(v) is the normalized extinction coefficient for the wavenumber v of

the appropriate aerosol model and altitude. HAZE is the aerosol scaling factor

(see Section 3).
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EXTV(v) is found by interpolation of the values stored in the code for the re-
quired wavenumber and relative humidity. HAZE is determined by interpolation
of the appropriate aerosol scaling factor profiles according to the meteorological

range and season.

6. ATMOSPHERIC RADIANCE

The LOWTRAN program has the option to calculate atmospheric and earth
radiance, A numerical evaluation of the integral form of the equation of radiative
transfer is used in the program. The emission from aerosols and the treatment

of aerosol and molecular scattering is considered only in the zeroth order, Addi-
tional contributions to atmospheric emission from radiation scattered one or more
times are neglected, Local thermodynamic equilibrium is assumed in the atmos-

phere.

The average atmospheric radiance (over a 20-cm-1 interval) at the wavenum-
ber, v, along a given line-of-sight in terms of the LOWTRAN transmittance param-

eters is given by

1

IM = J a B(v, T)% + H(v, Tb)r (28)

a

where the integral represents the atmospheric contribution and the second term is
the contribution of the boundary, (for example, the surface of the earth or a cloud

top) and

F a = avcrnge transmittance due to absorption,a

= average transmittance oue to scattering,

ttTa Ts = average total transmittance,

a Tt = average total transmittances from the observer to boundary,

B(v, T) = average Planck (blackbody) function corresponding to the frequency
v and the temperature T of an atmospheric layer.

Tb = temperature of the boundary.

The emissivity of the boundary is assumed to be unity.
The LOWTRAN band model approach used here assumes that since the black-

body function is a slowly varying function of frequency we can represent the average
value of the radiance in terms of the average values of the transmittance and the

blackbody function. Fa, T s, and Ft vary from 1 to' -abs, and t along the observer's
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line-of-sight. For lines of sight which do not intersect the earth or a cloud layer,

the second term in Eq. (28) is omitted.

The numerical analogue to Eq. (28) has been bicorporated in the LOWTRAN

computer program. The numerical integration of the radiance along a line-of-

sight for a given model atmosphere defined at N levels is given by

SN-+ a ))iT(i+l) ( ) S +(i + 1))M cfaw -T i+ 1)) B~ , V .
i=l

+ B(v, Tb)•b (29)

Thus, the spectral radiance from a given atmospheric slant path (line-of-sight)

can be calculated by dividi-ig the atmosphere into a series of isothermal layers

and summing the radiance contributions from each of the layers along the line-of-

sight, that is, numerically evaluating Eq. (28). This can be clearly seen from the

following simple example.

Neglecting scattering, consider a three-layered atmosphere characterized by

temperatures T, T2, and T3 as shown in Figure 26. Let 71 72, and ? be the

transmittances from the ground to the boundaries of each of the layers respectively

(see Figure 26a). Figure 26b shows the corresponding case for an observer in

space (distinguished by primed F values). Then from Eq. (29) the total downward

spectral radiance for an observer on the ground (looking upwards) is given by

I(M) = (1 - iM-)B(o, T 1) I (1 - rf2 )B(v, T 2 ) + (72 - -3)B(v, T 3 ) (30)

Similarly for an observer looking down from the top of the atmosphere (see Figure

26b), the total upward spectral radiance is given by

I ' •'- ''}3 v T2),' 1) +' 73' B Y )
I(') t = (I - 71QjB(v, T3) + 2 ) + 'F - T3)B(vTI) + ' B(v,Tb)

(31)

A comparison of Eqs. (30) and (31) shows that in addition to the boundary con-

tributions to the total upward spectral radiance, the total downward and the total

upward spectral radiances from the same atmospheric layers are not the same

but depend on the position of the observer relative to a given atmospheric slant

path. In the LOWTRAN radiance program, the position of the observer is always

defined by the input parameter, Ill.
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Figure 26. Upward and Downward Atmospheric Paths Through
a Three-Layered Atmosphere for Radiance Calculations

It should be emphasized that in the calculation of radiance as given by Eq. (28),
scattering is treated only as a loss mechanism and is not included as a source.

79
In a recent paper by Ben-Shalom et al, it has been ncted that for certain

atmospheric paths of high optical depth where multiple-scattered radiation is

significant, the algorithm used in LOWTRAN underestimates the background
radiation. The authors have proposed a "conservative scattering" solution for
these cases where only the total extinction is used for the radiative transfer cal-

culations, However, no assessment of the validity of the "conservative scattering"
method proposed vs the "zero scattering" algorithm in LOWTRAN for the various

paths encountered in the atmosphere has been made.

Until a general multiple-scattering solution for radiative transfer is available

in the code, it is recommended that users of LOWTRAN examine the scattering
contribution along a given atmospheric path. For scattering in the linear region,
the present LOWTRAN algorithm should be appropriate. For high-scattering con-

ditiOns, users might consider modifying the radiance algorithm as Ben-Shalom

et a179 'have proposed.

7. PROGRAM STRUCTURE

In addition to the inclusion of new aerosol models and new aerosol extinction

coefficients into the LOWTRAN code, extensive reprograming of the code has been

made for improved logical flow of the program and user understanding. As shown

in Figure 27, the LOWTRAN code structure consists of a main program, LOWEM,
and 19 subroutines. A listing of the code is given in Appendix A. The data file,

79. H3en-Shalom, A., Barzilia, B., Cabib, D., Devir, A.D., Lipson, S.G., and
Oppenheim, U. P. (1980) Applied ()ptics Vol. 19, No, 6, p. 838.
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Figure 27. LOWTfLAN Pruoram Structure

TAPE5, used in previous LOWTRAN codes has been eliminated. The information

from this file has been incorporated into the code in data statements.

In the main program, LOWEM, four control cards are read in for standard

execution of the code. New aerosol control parameters have been added to these

cards, as will be explained in the instructions for using the code in Section 8.

The transmittance and radiance output tables are also written to the mass stor-

age file, TAPE7, declared on the PROGRAM LOWEM card. The subroutines,

MDTA, NSMDL, HPROF, GEO, EXA-IN, PATH, and TRANS are called from the

main program. A definition of symbols in PROGRAM LOWEM i8 given in Appen-

dix B.

Subroutine MDTA, called from the main program, contains the altitudes,

pressure, temperature, water vapor and ozone density profiles of the six model

atmospheres. The nitric acid volume mixing ratio profile is also stored in the

subroutine.

Subroutine NSMDL is called from the main program for user defined model

atmospheres or aerosol models (MODEL = 0 or MODEL = 7). The input cards and

options for the user defined models are explained in Section 8. Subroutine AERPRF

is called from this subroutine.
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Subroutine HPROF, called from the main program, sets up the appropriate

HORIZONTAL PROFILES of molecular and aerosol-absorber densities in

LOWTRAN units, using either the model data from MDTA or the user-defined

model data from NSMDL. Subroutine AERPRF is also called from this subroutine.

Subroutine AERPRF, called from either NSMDL or HPROF, sets up the

appropriate aerosol HORIZONTAL PROFILES for the model selected. Subroutine

PRFDTA, called from AERPRF, contains the altitude-dependent profiles of the

aerosol models allowed by the program, stored in data statements.

Subroutine GEO, called from the main program, is the spherical geometry

subroutine, with correction for refraction, used to calculate the absorber

amounts along the atmospheric slant path. The VERTICAL PROFILES and the

equivalent absorber amounts are determined in this subroutine. The matrix,

WLAY, is also defined in this subroutine for use with subroutine PATH, for radi-

ance calculations. Subroutine ANGL and POINT are called from this subroutine.

Subroutine ANGL is called from GEO to calculate the initial zenith angle for

the atmospheric slant path, when the initial and final altitudes and the earth center

angle are specified. Subroutine POINT is also called from ANGL.

Subroutine POINT, called from GEO and ANGL, is used to compute the mean

refractive index above and below a given altitude and to interpolate exponentially

the equivalent absorber densities at that altitude.

Subroutine EXABIN is called from the main program to load the extinction

and absorption coefficients for the four aerosol altitude regions appropriate to the

aerosol model selected by the user. Interpolation of the boundary layer aerosol

coefficients based on relative humidity Is performed in this subroutine. Subroutine

EXTDTA is called from EXABIN.

The aerosol extinction and absorption coefficients and wavelengths of all the

aerosol models are stored in subroutine EXTDTA, called from EXABIN.

Subroutine PATH, called from the main program for radiance calculations,

loads the cumulative absorber amounts along the atmospheric slant path into the

matrix, WPATH. This data is transferved to PATH from GEO through the vertical

profile matrix, WLAY.

Subroutine TRANS, called from the main program, calculates the transmit-

tance and radiance between the wavenumbers, Vl and V2, in steps of DV for the

atmospheric slant path. Subroutines TREN, AEREXT, HNO3, CIDTA, C2DTA,

C3DTA, and C4DTA are called by TRANS.

The LOWTRAN transmittance functions for water vapor, ozone, and the uni-

formly mixed gases are stored in data statements in subroutine THFN.

Subroutine AEREXT interpolates the aerosol extinction coefficients for the

four altitude regions to obtain the proper values at the wavenumber, v.

Subroutine UNO3 determines the nitric acid absorption coefficient at the wave-

number, v, from the arrays stored in the subroutine.
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The molecular water vapor absorption coefficient is determined at a specified

wavenumber from the array, Cl, stored in subroutine CIDTA.

The absorption coefficient for the uniformly mixed gases at a specified wave-

number is determined from the array, C2, stored in subroutine C2DTA.

The infrared absorption coefficient for ozone at the wavenumber, v, is ob-

tained from the array, C3, stored in subroutine C3DTA.

Subroutine C4DTA, called from TRANS, contains data arrays for the nitrogen

continuum absorption (C4), the 4.-pni water vapor continumn absorption (C5), and

the ozone ultra-violet and visible absorption (C8Y.

With the new code structured into subroutines, the program has been run on

the AFGL CDC6600, using segment loading of computer code to reduce central

memory storage requirements. A load map using the segment option is shown in

Appendix C.

With segment loading of the code, the core storage requirements for execution

are reduced by approximately a factor of two over conventional loading of the pro-

gram. Similar type segment loading of the LOWTRAN code would allow possible

use of the code on minicomputers.

8.9 INSTRUCTIONS FOR USING LOWTRAN 5

The instructions for using LOWTRAN 5 are similar to those for previous

LOWTRAN codes. New control parameters defining the aerosol profiles and

extinction coefficients have been added to the first input card. Changes have also

been made in the input of aerosol models in user-defined atmospheres (MOD.EL = 7).

As mentioned previously, the data file, TAPE 5, has been eliminated and made

part of the Fortran code.

In general, for standard atmospheric models, only four input cards are re-

quired to run the program for a given problem. The formats for these four cards

and definitions of the input parameters on these cards are given below.

8.1 Input Data and Formats

The data necessary to specify a given problem are given on the four cards as

follows:

CARD 1 MODEL, IHAZE, ITYPE, LEN, JP, IM, Ml, M2, M3, ML,

IEIVlISS, RO, TBOUND, ISEASN, IVULCN, VIS

FORMAT (1113, 2F10. 3, 213, F10.3)

CARD 2 H1, H2, ANGLE, RANGE, BETA

FORMAT (5F10.3)
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CARD 3 V1, V2, DV FORMAT (SF10.3)

CARD 4 DXY FORMAT (13)

Definitions of the above quantities will be discussed in Section 8. 2.

If the quantity MODEl, given in CARD 1 is set equal to 0 or 7 (which Is the

case if meteorological data are used as input to the program), then the above card
sequence (and format for CARD 2) is changed. These cases will be described in

Section 8.3.

8.2 Basic Instructions

The various quantities to be specified on each of the four control cards (sum-

marized in Section 8. 1) will be discussed in this section.

8.2.1 CARD 1--MODEL, IHAZE, ITYPE, LEN, JP, IM, Mi, M2, M3,
ML, IEMISS, RO, TBOUND, ISEASN, IVULCN, VIS

The parameter MODEL selects one of six geographical model atmospheres or
specifies that user-defined meteorological data are to be useu in place of the

standard models. ITYPE and LEN determine one of three types of atmospheric

paths for a given problem. JP is a user option to suppress printing of profiles

and tables in the output. IEMISS selects the mode of program execution (trans-

mittance oi radiance). iM, Ml, M2, M3, IVII,, HO, and TBOUND are additional

input parameters for non-standard cases. IHAZE, ISEASN, IVULCN, and VIS

are control parameters used to select the profiles and types of extinction coeffi-

cients for the aerosol models (N. B. VIS is now specified on CARD1).

MODEL = 0 if meteorological data are specified (for horizontal patihs only)*.

= 1 selects TROPICAL MODEL ATMOSPHERE.

= 2 selects MIDLATITUDE SUMMER.

= 3 selects MIDLATITUDE WINTER.
= 4 selects SUBARCTIC SUMMERi.

= 5 selects SUBARCTIC WINTER.
S6 selects 1962 U.S. STANDARD

= 7 if a new model atmosphere (or radiosonde data) is to be inserted.

ITYPE = 1 for a horizontal (constant-pressure) path.

= 2 for a vertical or slant path between two altitudes.

= 3 for a vertical or slant path to space.

The TYPE 1 path should not be confused with a long 90c path where the local

height of the end of the trajectory is at a significantly different height. In such a

case, specify the path according to ITYPE = 2.

In these cases the format for Card 2 changes (see non-standard conditions,
Section 8.3).

68



LEN= 0 for normal operation of program.

= 1 selects the downward TYPE 2 LONG path.

The parameter LEN can be ignored (that is, left blank) for the majority of cases.

It need only be used for a downward-looking path (H12 < Hl) when two paths are

possible for the same input parameters. In such a case, a computer printout

statement will be given indicating that the user has two choices for the problem

and that the shorter path has been executed. Set LEN = 1 for the longer case.

JP z 0 for normal operation of program.

1 to suppress printing of transmittance table/or radiance table and

horizontal and vertical profiles.

The control parameter, IEMISS, determines tie mode of execution of tie program.

IEMISS = 0 for program execution in transmittance mode.

= 1 for program execution in radiance mode.

A message is printed to the user on the output file indicating the mode of program

execution.

Table 2A summarizes the use of these five control parameters specified on

CARD1. For non-standard cases, provision is made on CARDI For add:tional

user options with th-e parameters IM, Ml, M2, M3, MIL, RO, and TBOUND.

IM= 0 for normal operation of program or when subsequent calculations are

to be run w ith MODEL = 7.

1 when radiosonde data are to be read in initially.

MI, = Number of levels to be read in for MODEL - 7.

Note that 114 and ML are only used when MODEL = 7 and Then only en

the "irst calculations when the data are read in.

Ml M2 z M3 = 0 for normal operation of program.

The parameters Ml, M2, and M3 can each take integer values between 0 and 6

and are used to modify or supplement the altitude profiles of temperature and

pressure, waier vapor, and ozone respectively, for any given atmospheric mode?

etpecifi•d by MODEL.

For example:

M1 = 1 selects the TROPICAL temperature and pressure altitude profiles.

= 2 selects the MIDLATITUDE SUMMER temperature and pressure

altitude profiles.
= 6 selects the 1962 U.S. STANDARD temperature and pressure altitude

pro files.

1M2 = 1 selects the TROPICAL water vapor altitude profile,

= 2 selects the MIDLATITUDE 3UMMER water vapor altitude profile.

= 6 selects the 1962 Ii. S. STANDARD water vapor altitude profile,
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Table 2a. LOWTRAN CARD 1 Input Parameters: MODEL, ITYPE, LEN,
JP, IEMISS

CARD 1 MODEL, [HAZE, ITYPE, LEN, JP, 11, M1. M2, M3, k,
[EMISS, RO, TBOUND, ISEASN, [VULCN, VIS
FORMAT (1113. 2F10.3, 213, F10,3)

COLI JMODEL CDL ITYPE COL LEN COX jp COL IEMISS3- 9 12 • 15 L- 33

USER * HORIZONTAL SHOT NORMAL ,TR/IS-
0 DEFINED 1 PATH 0 PATH D OUTPUT 0 MITTANCE

I SLANT PATH LONG SHORT RADIANCE
1 TROPICA_ 2 i HTO H2 1 PATH OUTPUT I

2 MIDLATITUDE 3 SLANf PATH
SUiffiR 3 j HI TO SPACE

3 MI DL AT ITU DE
WINIER

4 SUBARCTICSUNIER

SUBMCI1C
WINTER

6 1952 U,5,

USER

* OPTIONS FOR NUN-STANDARD ¶I)ELS

M1,DI, M2, M3, ML. R., I'OUND LEFT BLANK FOR STANDARD CASES
REFER TO 1EXT FOR NON-STANDARD CASFS

M3 = 1 selects the TROPICAL ozone altitude profile.

= 2 selects the MIDLATITUDE SUMMER ozone altitude profile.

= 6 selects the 1962 U.,S. STANDARD ozone altitude profile,

130 = radius of the earth (kn) at the particular geographical location at which

the calculation is to be performed.

If HO is left blank, the program will use the midlatitude value of 6371.23 km if

MODEL is set equal to 0 or 7. Otherwise the ealth radius for the appropriate

standard model atmosphere (specified by MODEL) will be used,

TEOUND = temperature of the earth (OK) at the location at which the calcula-

tion is to be performed.

TDOUND) is only used in the radiance mode of the program for slant paths which

lotersect the-: earth. IF TEOUND is left blank, the program will use tie temperature

of the first atmospheric layer as the boundary temperature.
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IHAZE, ISEASN, IVULCN, and VIS select the altitude.- and seasonal-depen-

dent aerosol profiles and aerosol extinction coefficients. IIIAZE specifies a

horizontal meteorological range and specifies the type of extinction for the

boundary-layer aerosols (0 to 2 kin). The relative humidity dependence of the

boundary-layer aurosol extinction coefficients is based on the water vapor content

of the model atmosphere selected by MODEL. ISEASN selects the seasonal de-

pendence of the profiles for both the tropospheric (2 to 10 kin) and stratospheric

(10 to 30 kin) aerosols. IVULCN is used to select both the profile and extinction

type for the stratospheric aerosols and to determine transition profiles above the

stratosphere to 100 km. VIS, the meteorological range, when specified, will

supersede the default meteorological range in the boundary-layer aerosol profile

set by IHAZE.

IYAZE = 0 no aerosol attenuation included in the calculation.

= 1 RURAL extinction, 23-km VIS.

= 2 RURAL extinction, 5-km VIS.

= 3 MARITIME extinction, 23-km VIS.

= 4 MARITIME extinction, 5-km VIS.

= 5 URBAN extinction, 5-km1 VIS.

= 6 TROPOSPHERIC extinction, 50-kin VIS.

= 7 USER-DEFINED extinction, 23-ku, VIS. (Read irno the program

immediately after CARD1. Refer to the main program IOWEM

in Appendix A for the input format of the coefficients).

= 8 FOG1 (Advection Fog) extinction, 0. 2-kmi VIS.

= 9 FOG2 (Radiation Fog) extinction, 0. 5-km VIS.

As noted above, IIJAZE selects the type of extinction and a default meteorolog-

ical range for the boundary-layer aerosol models only, If VIS is also specif-ed on

CARD1 it will override the default IHAZE value. Interpolation of the extinction

coefficients based on relative humidity is performed only for the RURAL, MARI-

TIME, URBAN, and TROPOSPHERLIC coefficients used in the boundary layer

(0 to 2-kmn altitude).

ISEASN = 0 season determined by the value of MO)ULL;

SPRING-SUMMER for MODEL - 0, 1, 2, 4, 6, 7

FALL-WINTER for MODEL = 3, 5

= 1 SPRING-SUMMER

= 2 FALL-WINTER

ISEASN selects the appropriate seasonal aerosol profile for both the tropo-

spheric and stratospheric aerosols. Only the tropospheric aerosol extinction

coefficients are used with the 2- to 10-kmn profiles.
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IVULCN = 0, 1 BACKGROUND STRATOSPHERIC profile and extinction

= 2 MODERATE VOLCANIC profile and

AGED VOLCANIC extinction
= 3 HIGH VOLCANIC profile and

FRESH VOLCANIC extinction

= 4 HIGH VOLCANIC profile And

AGED VOLCANIC extinction

5 MODERATE VOLCANIC profile and

FRESH VOLCANIC extinction

The parameter IVLJLCN controls both the selection of the aerosol profile as

well as the type of extinction for the stratospheric aerosols. It also selects

appropriate transition profiles above the stratosphere to 100 kmn. Meteoric dust

extinction coefficients are always used for altitudes from 30 to 100 km.n

VIS = meteorological range (kin) (when specified, supersedes default value

set by IHAZE)

Table 2B summarizes the use of aerosol control parameters on CARD 1.

Table 2b. LOWTRAN CARD I Input Parameters: IHAZE, ISEASN,
IVULCN, VIS

CARD 1 MODEL, [HAZE, ITYPE, LEN, JF. IM, Ml, M2, M3. M,
iEMISS, RO, TBOUND, ISEASN. IVULCN, VIS
FORMAT (1113, 2F10.3, 213, F10.3)

IHAZE ISEASN IVULCN

CXTINCTIO CCI I ;.ASON'I CII SEASON PRFLETNTON_" L6 (56) 59 EXTIUCTION

O 4- NO AEROSOLS

SET BY ST BY
1 23 0 MODEL MODEL ME1ORIC

RURAI DUST
SPRING- SPRING- EXIINCTION

2 5 1 SUMPMER SUMMER

FýLL- FALL-
3 23 2 WINTER WINTER

PRITI..

4 0 BACKGROUND BACKGROUND NORMAL
-- -3TRATO- STRATO- A]MOSPHERIC

5 5 URBAN TROPOSPHERIC I SR HERIC PROFILE

PROF-ILE/-1T0 PROPOSFPERIC MODERATE AGED
6 50 TROPOHERIC EXTINCTION 2 VOLCANIC VOLCANIC
7 23 USER DFFIND 3 HIGH FRESH TRANSITION

- VOLCANIC VOLCANIC PROFILES

4HIGH AGED -VOLCANIC
8 0,2 Fool VOLCANIC VOLCANIL TO NORMAL

9 0.5 F06 2 5 3ODI RATE (RESH
9VOLCANIC V9LCANIC

-0 TO 2 TO 1' 10 TO
02 K -K -O KM 3010 K

" VIS>O. OVERRIDES DEFAULT MET. RANG_
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In the case where MODEL = 7, the new atmosphere (model or radiosonde

data) is inserted between CARDS 1 and 2 (see Section 8. 3).

8.2.2 CARD 2 --Hi1, H2, ANGLE, RANGE, BETA

CARD 2 is used to define the geometrical path parameters for a given problem.

H-i1 = initial altitude (kim)

H2 = final altitude (km)

It is important to emphasize here that in the radiance mode of program execution

(IEMISS=I), Hi, the initial altitude, always defines the position of the observer

(or sensor). HI and H2 cannot be used interchangeably as in the transmittance

mode.

ANGLE = initial zenith angle (degrees) as measured from Hi

RANGE = path length (kin)

BETA = earth center angle subtended by HI and H2 (degrees)

It is not necessary to specify every quantity given above; only those that ade-

quately describe the problem according to the parameter ITYPE (as described

below)

(1) Horizontal Paths (ITYPE = 1)

(a) specify H1, RANGE

(b) If non-standard meteorological data are to be used, that is, if

MODEL r 0 on CARD 1, then refer to Section 8. 3 for' parameters and format of

CARD 2.

(2) Slant Paths to Space (ITYPE = 3)

(a) specify Hi, ANGLE

(b) specify H1, HMIN (for limb-viewing problem where HMIN is the

required tangent height or minimum altitude of the path trajectory.

(3) Slant Paths Between Two Altitudes (ITYPE = 2)

(a) specify H1, 1i2, ANGLE

(b) specify H1, ANGLE) RANGE

(c) specify H1, l1Z, RANGE

For cases (b) and (c), the program will calculate H2 and ANGLE respectively,

assuming no refraction; then proceed as for case (a). This method of defining the

problem should be used when refraction effects are not important; for example,

for ranges of a few tens of km at zenith angles less than 800. It can also be used

for larger angles (including 900) provided that the path lies within one atmospheric

layer.

(d) specify HI, H2, BETA. Leave ANGLE and RANGE blank in this case.

This method can be used when the geometrical configuration of the source and

receiver is known accuratcly, but the initial zenith angle is not known precisely

due to atmospheric refraction effects, Beta is most frequently determined by the

user from ground range information.
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In the cases of 2(b) and 3(d) above, the subroutine ANGLE is called in the

program to determine the appropriate input zenith angle by an iterative technique

taking into account atmospheric refraction.

In the case where MODEL ý 7, the new model atmosphere (or radiosonde data)

is inserted between CARDS 1 and 2.

Table 3 lists the options on CARD 2 provided to the user for the different types

of atmospheric paths.

Table 3. LOWTRAN CARD 2 Input Parameters: Hl, h2, ANGLE,
RANGE, BETA

CARD 2 H1, H2, ANGLE, RANGE, BETAFORP•IAT (51710.3)

HI (M) H2 (WN) ANGLE (0) RANGE (M)) BETA (0j

ITYPE

A A X_ _ _ _ _ _

2 ' xx x _ _ _ x_ _

x x __ _ _

3X XX?

3 X x

X (HMIN)

X - PARATER MUST BE DEFINED

8. 2.3 CARD 3 - V1, V2, DV

The spectral range over which transmittance data are required and the spec-

tral increments at which the data are to be printed out is determined by CARD 3.
1

Vl = initial frequency in wavenumbers (cm-

V2 ý final frequency in wavenumbers (cm-1) where V2 > V1

DV = frequency incremnent (or step size) (cm
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(Note that V = 1044/X where v is the frequency in cm-1 and X is the wavelength in

microns, and that DV can only take values which are a multiple of 5.)

8.2.4 CARD 4-IXY

The control parameter IXY can cause the program to recycle, so that a series
of problems can be run with one submission of LOWTRAN. Five values of DMY can

be used to provide the options given on the following pages.

IXY = 0 or blank eard to end of program

= 1 to select a new CARD 3 and CARD 4 only (assuming other parameters

are unchanged)

= 2 to select a new data sequence (CARDS 1, 2, 3, and 4)
= 3 to select a new CARD 2 and CARD 4 only (assuming other

parameters are unchanged)
= 4 to select a new CARD 1 and CARD 4 only (assuming other

parameters are unchanged)

Thus, if for the same model atmosphere and type of atmospheric path the
reader wishes to make further transmittance calculations in different spectral

intervals V1' to V2' etc. and for a different step size (DV' etc.). then IXY is set

equal to 1. In this case, the card sequence is as follows and can be repeated as

many times as required.

CARD 4 IXY = 1

CARD 5 V1' V2' DV'

CARD 6 IXY 1 I

CARD 7 VI" V2" DV'

CARD 8 IXY = 0

The final IXY card should always be a blank or zero. When using the IXY = 1

option, the wavelength dependence of the refractive index is not changed (use

IXV = 2 option if this is required).

To make successive transmittance computations where just the geographical
model atmosphere is changed and/or with or without aerosol attenuation, set

IDC = 4 and construct a data card sequence along the same lines as given above.

This sequence of recycling can be repeated successively.

When a series of problems is to be executed (with one submission of

TJOWTRAN) involving the stanctard atmospheric models (MODEL = 1 to 6) as well

as cases involving MODEL = 0 and MODEL - 7, then the order in which the data

are set up becomes very important. Note the following sequence.

1. Run all problems using MODEL = 1 through 6 first.

2. Secondly, run all problems involving the use of MODEL, = 0.

3. Run all problems involving the use of MODEL = 7 last. The reason for

running MODEL 7 cases last is that when a new atmospheric model is read in,
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the altitudes may not correspond with those given in the standard models and the

program will erase them. Similarly, if a MODEL = 0 case is run following a

MODEL = 7 case, the first level of MODEL 7 is erased.

Table 4 summarizes the user-control parameters on CARD 3 and CARD 4.

Table 4. LOWTRAN CARD 3 and CARD 4 lnput Parameters: VI, V2, DV, IXY

CARD 3 V1, V2, DV
FORMAT (3F10.3)

V1 V2 DV VALUES

Vi (CM-i '2 (CM-i DV (M-i MULTIPE OF 5 CM-i

CARD 4 IXY
FORMAT (13)

COL
3 IXY

0 END OF PROGRAI.

1 READ NEW CARDS 3 AND 4.

2 READ NEW CARDS 1, 2, 3, AND 4.

3 READ NEW CARDS 2 AND 4,.

4 READ NEW CARDS 1 AND 4.

8.3 Non-Standard Conditions

Three options are available if atmospheric transmittance calculations are

required for non-standard conditions. H-ere non .standard refers to conditions

other than those specified by the six model atmospheres provided by LOWTRAN,

which are selected by the parameter MODEL on CARD 1. The three options

enable the user to insert:

(1) His own model atmosphere(s) in place of any (or all) of the six standard

models, provided that the data are in exactly the same format and are specified at

the same altitudes as in the DATA statements in the LOWTRAN code (Subroutine

MDTA). In this case the appropriate print statements in LOWTRAN (that identify

the atmospheric model used) must be changed correspondingly.
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(2) An additional atmospheric model (MODEL 7), which can be in the form of

radiosonde data. The data need not be specified at the same altitudes as in the

standard models.

(3) Meteorological conditions for a given horizontal path calculation (MODEL

- 0 case).

The first of these options requires the most effort and needs no further dis-

cussion here, other than a reference to Appendix A for a summary of the standard

model atmosphere parameters, units, and formats.

8.3.1 ADDITIONAL ATMOSPHERIC MODEL (MODEL = 7)

New model atmospheres can be inserted between CARDS 1 and 2 provided the

parameters MODEL and IM are set equal to 7 and 1 respectively on CARD 1. The

number of atmospheric levels to be inserted (ML) must also be specified on

CARD 1. New altitude-dependent aerosol control options have been added to the

MODEL = 7 cards to provide more flexibility to the user in modeling aerosol

extinction.

The appropriate meteorological parameters and format for the atmospheric

data are given below

Z, P, T, DP, RH, Wi, WO, AHAZE, VISI, IHAl, ISEAl, IVULt

FORMAT (3F10.3, 2F5.1, 3E10.3, F7.3, 311)

Z = altitude (kin)

P = pressure (nib)

T = ambient temperature (0 C)

DP = dew-point temperature (0C)

11i = relative humidity (0o)

Wil water vapor density (gin m-3

WO ozone density (gim m-3)

AHAZE aerosol number density (normalized by the user to the required

meteorological range using the LOWTRAN extinction coefficients)

VIS1 - meteorological range (kin) for the altitude, Z
RHA1 = aerosol extinction and meteorological range control for the altitude,

Z

ISEA1 aerosol season control for the altitude, Z

IVULl aerosol profile and extinction control for the altitude, Z

Note that it is only necessary to specify those quantities underlined with a full line

and one of the quantities underlined with the dashed line.

If the ozone density (WO) is not known then a value can be obtained from one

of the standard atmospheric models (for the appropriate latitude and season) by

using the parameter M3 on CARD 1.
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Also note that for Ml > 0 on CARD 1, both pressure and temperature are now

iaterpolated from the model atmosphere (MODEL-Ml) for the altitude Z.

For the modeling of the aerosol profiles and extinction coefficients, if AHAZE,

ViS1, ISEAl and IVULl are left blank on the MODEL 7 input ca'd, then the aerosol

control parameters, IlHAZE, ISEASN, IVULCN and VIS on CARD 1 will control

the modeling of the altitude-dependent aerosol parameters as described in Section

8.2. LOWTRAN will use the aerosol models contained in the program and inter-

polate the profiles to the same altitudes as the radiosonde (or new model atmos-

phere) data.

The additional aerosol options on the MODEL 7 card have been added primarily

to provide more user flexibility in modeling altitude-dependent aerosols such as

low ground fogs where finer altitude resolution is required to specify the aerosol

profile. These options are categorized as follows:

(a) AI]AZE > 0, VIS1 = IHA1 = ISEAl = IVULI = 0

PFor this case, the program will use the value of AHAZE at the altitude, Z,

to define the aerosol profile. The parameters on CARD 1 will be used only to

select the type of aerosol extinction coefficients to be used in the (0-2 kin),

(2-10 kin), (10-30 kin), and (30-100 kin) altitude regions as in the MODEL=l to

six cases. VIS on CARD 1 is not used. The user must scale the AHAZE values to

the propel sea-level ,neteorological range.

(b) Al-1AZE > 0, either IHAl > 0 or IVULI > 0, ISEAl = 0

where ItHAI = 1 to 9 with the same extinction coefficient options as IHAZE in

Section 8.2, and IVUILi 2 1 to 5 with the same extinction coefficient options as

IVULCN in Sect ion 8.2. When IHA I is defined, it will select the type of extinct ion

coefficient wo be used with AHIAZE at the altitude, Z, and correspondingly when

IVUL1 is defined, Only four different altitude regions are allowed for the aerosols

in the program. The boundary altitudes are determined from the altitude, Z, on

the MODEL 7 card when either IBAIA or iVULl changes value. These boundaries

do not necessarily have to correspond to the default values in the standard models.

(c) AHAZE - 0, either one or all of the parameters VISl, IHAI, ISEAl
and IVULl defined

where ISEAl = 1 or 2 with the same seasonal profile options as ISEASN in Section

8. 2. The aerosol profiles and extinction coefficients will be determined by the

values of these parameters at each altitude Z. Again, as in (b) only four altitude

regions for the aerosols are allowed in the program, with the boundaries of the

regions determined by the altitude Z when the control parameters change. Note

also that IHA 1 takes precedence over IVULl in the selection of the type of extinc-

tion coefficients. Examples of the use of these aerosol options are shown in

Section 9.
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Although data for cloud extinction is not provided in the LOWTRAN code,

these additional aerosol options do allow for user cloud modeling in the atmosphere

with the aerosol control parameters on the MODEL 7 card.

Note that IHAZE must be defined to some initial value greater than zero to

calculate aerosol extinction and that at least two altitudes are needed to define an

aerosol altitude region.

8.3.2 HORIZONTAL PATHS (MODEL = 0)

If meteorological data are to be used for horizontal path atmospheric trans-

mittance calculations, then set MODEL = 0 on CARD 1. The following parameters

can then be specified on CARD 2.

CARD 2 HI, P, T, DP, RH, WH, WO, RANGE (FORMAT 3F10. 3, 2F5. 1,

2E10. 3, F10. 3) where the above parameters refer to altitude (km), pressure (mib)

ambient temperature (0C), dew-point temperature (°C), relative humidity (%),

water vapor density (gin m-3 ), ozone density (gin m-3 ), and path length (kin)

respectively.

The format for the above card is similar to that for inputting radiosonde data

(MODEL = 7). Again, it is only necessary to specify the quantities underlined

with the solid line and one of the quantities underlined with the dashed line. The

ozone density WO can be specified using the parameter M3 on CARD 1 if measure-

ments are aot available. In the latter case, a value will be calculated at altitude

Hl based on the appropriate model atmosphere selected by M3.

The aerosol control parameters for the MODEL - 0 cases are on CARD1 as

described in Section 8. 2.

9. EXAMPLES OF PROGRAM OUTPUT

Seven cases, representative of different types of atmospheric slant paths,

mode of program execution, and atmospheric and aerosol models are presented

in this section. The input cards to the program for these eases are listed in

Table 5. A description of the program output for each of the cases, calculated

from LOWTRAN, follows.
-1 -l

Case 1. Calculate the transmittance from 900 to 1145 cm in steps of 5 cm

for a slant path from 20 kmn to space at a zenith angle of 900, for the U.S. Standard

model atmosphere, and a 23-km meteorological range for the rural aerosol model.

The output for Case 1 is given in Table 6. A message indicating the mode of

execution of the program is printed as the first line of output. For this problem,

execution will be in the transmittance mode.

The parameters defining the atmospheric slant path, model atmosphere,

aerosol modý , and wavenumber range are next printed out.
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Table 5. Input Cards for the Seven Test Cases

"".................... ...... *....... ... .. . ..
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0
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Following the heading HORIZONTAL PROFILES are two pages of output, each

of 12 columns. On the first page, the first four columns list a running integer

associated with each level (level indicator), the level altitude in kin, the level

pressure (mb), and the level temperature ( K). The next six columns give the

equivalent absorber amounts per krn for the following absorbing species: water

vapor, uniformly mixed gases, ozone, nitrogen continuum, water vapor continuum

(10 jm), and molecular scattering. The last two columns give the mean refractive

index modulus (n - i) from that level to the level above, and the equivalent absorber

amount per km for the UV ozone.

On the second page, the first four columns, listing the level indicator, altitude,
pressure, and temperature are repeated. The next two columns give the equivalent

absorber amount per km for the water vapor continuum (4 pm) and for nitric acid.

The next four columns give the aerosol amounts per km for the four altitude regions

provided for in the program, The last two columns list the product of the aerosol

density times the percent relative humidity and the percent relative humidity for

the boundary-layer region.

Following the horizontal profiles, level information at Hi calculated in sub-

routine POINT is printed.

A heading VERTICAL PROFILES is then printed followed by two lines of out-

put per atmospheric layer. The first column is an integer level indicator. The

4 second column gives the altitudes cuf the levels tr'averlsed by the atmuspheric slant

path). The next eight columns give the integrated equivalent absorber amounts

from the initial altitude to the level above (with the species identified as in the

header). The next four columns are labelled PSI, PHI, BETA, and THETA, and

correspond to the angles q,, 0, f3, and 0 described in Section 4. Columns PSI and

BETA give the accumulated values of ý, and 13 to the level above. Columns THETA

and PHI give the local zenith angle corresponding to that level and the angle of

arrival at the level above, respectively, in thc last column, the accumulated slant

range, RANGE, is printed, and below it the differential slant range of the levels

traversed.

The total equivalent absorber amounts along the atmospheric path are then

summarized in their appropriate units.

Control parameters for the altitude-dependent aerosol extinction and absorp-

tion coefficients are then printed from Subroutine EXAMIN.

A transmittance table, containing 13 columns, now follows, The first three

columns give the frequency (cm "1) wavelength (prm), and total transmittance. The

next seven columns show the individual transmittance due to water vapor, uniformly

mixed gases, ozone, nitrogen (4 pm) continuum, total water vapor continuum,

molecular scattering, and total. aerosol extinction. The next two columns give

absorption due to aerosols and the cumulative integrated absorption. The latter
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quantity can be used to determine the average transmittance over any given spec-

tral interval within the spectral range covered by the calculation. The last column

gives the transmittance of nitric acid. Finally, the total integrated aa3orption

from V1 to V2 is printed out (units are emr ) together with the average transmit-

tance over the band.

Case 2. Calculate the radiance at Hi for the same conditions as in Case 1.

The output of the program, shown in Table 7, is identical to that of Case 1 up to

and including the printing of the aerosol control parameters.

Two parameters, JI and J2, are then printed out. These parameters control

the loading of the cumulative absorber" amounts into the matrix, WPAT1-H.

A heading CUMULATIVE ABSORBER AMOUNTS FOR THE ATMOSPiHiIC

PATH is then printed followed by 16 columns. The first column gives an integer

associated with the layer traversal by the atmospheric slant path. The following

10 columns give the cumulative absorber amounts for, the following species: water

vapor, uniformly mixed gases, ozone, nitrogen continuum, water vapor continuum

(10 pnm), molecular scattering, aerosol extinction (boundary layer), UV ozone,

water vapor continuum (4 gm) and nitric acid. The next column is the average

temperature of the layer.

Below this outpt'L, the layer ID is repeated and the other three rittitude-depen-

dent, cumulative aerosol absorber amounts are printed.

A radiance table rontaninjg six columns, now follows. The first two columns

give the frequency (emn ) and the wavelength (pm). The next two columns give the
"-1 2radiance in units of W/cr-ster-cm and W/cm -ster-um. The next column

gives the cumulative integrated radiance (W/cm 2-ste-). The last column is the

total t ronsnittanre.

Finally, the maximum and minimum radiances and their frequencies, the inte-

grated absor'ptiolo, the average transmittance, and the total integrated radiance

are printed.

Case 3. Calculote the transmittance from 900 to 1145 cm -1 in steps of 5 cmil

foe a 1-kmi horizontal path at sea level, usintg the U.S. S, Strdndrd :atmosphere and

the rural, 23-kin nicteorrolopical rang',, aerosol model,

The output for Case 3, show,' in Table 8, with the exeption of the omission of

the vertical profiles, is similar to that dusrribed for Case 1.

Case 4. Calculate mire tmarasrnittanCOe from 900 to 1145 em-1 in steps of 5 cm

for a slant path from 12 khu Lt ground (0 kin) at a zenith angle of 180o, using the

inidlatitude summer model atmosphere arid a maritiune, 23 km meteorological

range aerosol mondel.

The output for this crse,, shown in 'Tale' 9, is similar to that described for

Case 1.
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Case 5. Calculate the transmittance from 900 to 1145 cm in steps of 5 cm-

using the MODEL = 0 option to define a 10-km horizontal path at 0-kmi altLtude,

at a pressure of 1000 nmb, an ambient temperature of 10 0 C, and a relative humidity

of 40 percent. Use the midlatitude winter ozone profile, and a 23-km meteorolog-

ical range, rural aerosol model.

The output, shown in Table 10, is similar to the horizontal path case, Case 3.

given in Table 4.

Case 6. Calculate, using the MODEL = 7 option, for a given set of radiosonde

data the transmittance from 900 to 1145 cm-1 in steps of 5 cmr1 for a slant path

from 0.21 km to 8. 55 km at a zenith angle of 35. 5°. Use a 23-kin sea-level

meteorological range for the maritime aerosol model and the ozone distribution

of the inidlatitude summer atmospheric model,

In this example, the radiosonde dati consists of 21 levels with the following

parameters given: altitude (kin), pressure (mb), ambient temperature (0 C) and

dew-point temperature (0C).

The output for Case 6 is given in Table 11. The only change in the output

from a standard run occurs of the first page of the output. Each MODEL = 7

input card is printed followed by the internal model profile parameters derived

from this card. Also, detailed information on the aerosol profile and type of

extinction is printed for each level. The rest of the output is the same as that

described for the previous standard transmittance cases.

Case 7. Calculate the transmittance from 900 to 1145 cm in steps of 5 cm

for a vertical path from ground .o 10 km (zenith angle = 00). Using the MODEL = 7

option, provide for a radiation fog (0. 5 km meteorological range) from ground to

200 meters altitude and a rural aerosol model (23-kin meteorological range) from

200 meters to 2-kin altitude. Use the U.S. Standard model atmosphere profile for

the molecular absorber amounts and for the pressure and temperature profile.

In this example, only the altitudes of the levels and the aerosol control

pararmeters neied to be specified on the MODEL = 7 cards. The program output

for this case is given in Tanle 12 and is similar to that of Case 6.
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10. EXAMPLES OF TRANSMITTANCE AND RADIANCE SPECTRA

Some examples of transmittance and radiance spectra obtained from

LOWTRAN 5 are presented in Figures 28 through 41. Figures 28 to 30 show the

variations in transmittance and radiance with the six model atmospheres for three

atmospheric paths. The rural aerosol model, with a 23-km VIS, was used for the

boundary layer, and the default aerosol models for the rest of the atmosphere,

The spectral regions shown ace between 400 and 2000 cm 1 and between 2000 and

3600 cm 1 .

Figures 31 to 38 show the variation in transmittance and radiance with atmos-

pheric slant path for the U. S. Standard model atmosphere and the rural, 23 -kmi

VIS, aerosol model for the spectral region between 400 and 4000 cm-1. These •

figures show the range of observer altitudes, zenith angles, and atmospheric

slant paths to which the code can be applied to model transmittance and radiance.

for specific atmospheric problems.

Figure 39 shows the transmittance from ground to space from 0.25 to 4 pmo.

This calculation used the U. S, Standard model atmosphere and the rural aerosol

model with a 23-kmi VIS.

Figure 40 shows the variation in transmittance in the spectral region betweenSc-l
400 and 4000 cm for the rural, maritime, urban, and tropospheric aerosol

models. The calculation is for a 10-km horizontal sea-level path u,'-g the U.S

Standard model atmosphere and a 23-kin VIS.

Figure 41 shows the transmittance of the two fog models in LCWTRAN fur a

0. 2-km horizontal sea-level path and a 1-kmi VIS in the spectral regions from
400 to 4000 em -1

110



$1,O KM
0.9- 2>10 KM

jVANGLEC*0-

08-,- TROP .8

;,- j "- \.. .. ,M
C0 2o.STD3W

0.6 .06

0.5.0 -0

0 .- £3
0o.2- -t0.2

4 0 0 10 1•200 1400 1000 1800 200

NPVENUMIER (CM-I

a. transmittance, from 400 to 2000 cm-1

_ _0"_ 0"

HI.0 KMH$>>IOu KM
ANGLE-0-

z: 10-1. SE-,f 0s •

10S{

1- 1 41• t -.
3

,0" -- --+ --- + ---2 000 '

WPRVENUIME R (CM-Il

b. radiance, from 400 to 2000 cm"I

Figure 28. Transmittance and Radiance Spectra for
a Vertical Path Looking to Space From the Ground
O(lI = 0, 112 _ 100 kin, ANGLE = 00), with the Rural
Aerosol Model (IHAZE 1, VISi 23 kin), and for the
Six Model Atmospheres
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20 kin, 40 kin, ANGLE = 45c) With the Rural Aerosol
Modcd (IHIAZE - 1, VIS ý 23 kmi) and the U. S. Standard
Atmosphere (MUIDEL I6) From 400 to 4000 @im-i:

a. tr'ansmittance, b. radiance
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Figure 33. Transmi.ttance and Radiance Spectra for

a Slant Path Looking From Space to Space Through a

Tangent Height of 1MIN (ITYPE = 3, B1 100 kin,

HMIN = 0. 5 kin, 20 kin, 40 kin) With the Rural Aero-

sol Model (IHAZE = 1, VIS = 23 kin) and the U.S.

Standard Atmosphere, From 400 to 4000 cn-f
1 :

a. transmittance (for IHMIN = 0. 5 kin, the transmit-
tance is - zero between 400 and 4000 ci-n),
b. radiance
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120



S.0 -1.0

0. ..o0.9

HZ'OKM

0.8 ANGLE.I W 18•.5
hi

-- OKM
0.7 .... 20KM -07

- OKM

7 0.5 . z
Li U

04± -. 4r I. '0 ,
=• 0 .3 - •. 3 Cr

I O.20.0.

0.1 -0 . L

8 20 1600 2 00 A0 u 2800 300 3600 4000

a WHVtNUCHti.K (CM-1 I

20 "
I 0 "' -1"I

to.. V20.0KMK
ANGL E- 51 -.

r--1IKM
-,o" - OKM "

S'3" I o "

tOL Li
DS" tO",

t0"4 0 2400 8 3Z00 3600 40001"b 1'PVENUMBE -( Ch- I )

Figure 35. Transmittance and Radiancc' Spectra for
a Slant Path Looking to the Ground From -Il (1I1 = 10,
20, 30 kin, H2 = 0 kmi, ANGLE = 1P5O) With the Rural
Aerosol Model (IHAZE = I, VIS = 23 kin) and the U.S.
StandArd Atmosphere (MODEL = 6), From 400 to
4000 er1: a. transmittance, b. radiance

121



S.0.0

T ~ ANGLE= I10*"

0.-10 KM .-0-
.. 20KM

- OKM
0.71 .7

0o. f 0.6

Z 0 . 5 .

04 0. .3-

(1-2 -- .2

0.1 0. 1

1100 0000Tý Z 0D 400 Ma0 3200 3000 40 0

a WOVENtI!1[F1 CM II

10' 110-1
#12;0 KM
ANG LE -*O

I 0" HI (0,LE •- - OKM =
1..L .... 20 KM

17. -3OKM

I 11b 104 W H V C
i I0

z

I'" -- +----I--------+-"-------l- --- '1-i---- --- 'u3 - - I . .1"
400 800 1000 t600 1 111 " 0 40 ) 261:0 UU360 49b WFVL NLIIIOEI K itM-II

Figure 36. Transmittance and Radiance Specti"i for
a Vertical Path Looking at the Ground From i I
(Ill - 10. 20, 30 kin, ANGILE = 80") With the RHur'al
Aerosol Model (I1]AZE = 1, VIS = 23 kin) and the
U, S. Standard Atmosphev- (MI)DEI= 6) 1, mom 400
to 4000 cm-1: a. traihmiittahce, b. i*-diaicc

122

Si i i i i i i i i i



A

1.0I

o Io i Ilfi ,:v . I I /, i b o

0.6 If0.6
tU

05 ii,. " !'i'i o
0• i • 7!~ If~ 1. ~ it

0. '- -4o- 6o oI • o •
a 0)V PI- '1 }

C 000 "1" IOKM •

i.'•i TANGENT
HEIGHT I Oj:

I .- -- I0.2

H>100 KM

20KM
(•-1 0 KM oc

"" -4

460 Ohl 120 1600 2000

" VIo' '

I to HET jgTan

0i 10' KM

V ' 0-

1 0(It}0. jO-0,
1 0 1 A0  k -f_ t ur A o e 10-iT I 0 .¶20 1600 zflo 40 1 2600 3200 3600 .0,00

b HPVLNUMBIER I Cl- II
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Figure 38. Transmittance and Radiance Spectra for.
a Vertical Path Looking From Space to 112 (HTI Ž- 100 kin,
112 =10, 20, 30 kni, ANGLE - 180 0) With the Rural
Aerosol Model (IHAZE =1, VIS =23 kmn) and the U, S.
Standard Atmosphere (MODEL 6) From 400 to 4000 cm'1:
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11. AEROSOL MODEL COMPARISON WITH MEASUREMENTS

Between January and September 1970, EMI Ltd. made a series of measure-

ments of infrared transmittance at various wavelengths over the sea. 80,81 Under

the conditions of the setap, the experiment was largely a measurement of aerosol

extinction and it provides a data set against which the LOWTRAN maritime aerosol

model can be tested. This section will review these measurements briefly and

compare them with LOWTRAN calculations.

11.1 Measurements

The EIVII measurements were made over a 20-kmn path across Mounts Bay at

the southwestern tip of England. Most of the path wab several kilometers offshore.

The source for the transmittance measurements was a 3800-K carbon arc black-

body while the receiver was a Golay cell mounted at the focus of a 76-cm diameter

80. Arnold, D.H., Lake, D. B., and Sanders, R. (1970) Comparative Measui,-
ments of Infrared Transmission Over a Long Overseas Path, EMI Report
DMP 3736.

81. Arnold, D.H. and Sanders, R. (1971) Comparative Measurements of Infrared
Transmission Over A Long Overseas Path EMI Report DMP 3858.
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mirror. Various filters could be placed in front of the detector. In this report,

data will be presented on three filters: their filter response functions are shown

in Figure 42.

• FILTER I FILTER 2 FILTER 3 .8

- 0 .6 0.6

V) 0

W_ 0. *4

WPVELENGTH (MIGCPONS3

Figure 42. System Response Functions for Three of the Filters
From the EMI Measurements: 1. 0. 57 to 0. 97 p; 2. 3. 5 to
4 . 2 p; 3 . 7.9to 11.3/

In addition to the transmittance, other physical parameters were measured at

one end of the path, including: air temperature, relative humidity (from a wet and

dry bulb thermometer), wind speed (estimated according to the Beaufort scale),

wind direction, and visibility (estimated by an observer viewing six landmarks

around Mounts Bay). A block of data consisted of the measurement of these

physical parameters plus the detector response for each of the filters consecutively.

11.2 Caliration

The measurements were calibrated by selecting one particular data block

with the highest (relative) measured transmittance for the 7.9- to 11. 3-p filter:

for this case the absolute transmittance was calculated using the data from

Altshuler. 82 Comparing the absolute calculated value of the transmittance with

the relative measured value allowed the baseline for this filter to be set. The

system response for the other filters relative to the 7.9- to 11. 3-p filter was also

measured over a short paWh with negligible attenuation, From the absolute trans.-

mittance for the 7. 9- to 11. 3-p filter and the relative responses of the other filters,

the baselines for the other filters could be set.

82. Altsiuler, T. L. (1961) Infrared Transmission and Background Radiation by
Clear Atmospheres, GE Report 6ISD 199, AD401923,
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The data are actually presented as "effective atmospheric extinction coeffi-

cients" a which are related to the filter-averaged transmittance T by

S= -(lnT )/L (32)

where L is the path length; in this case 20 km. (Note that a is merely the log of

the transmittance and is not comparable to a band model extinction coefficient.

Since the transmittances span four orders of magnitude, it is necessary to present

the data on a log scale. ) As will be seen later, the quality of the calibration ap-

pears to be good.

11.3 LOWTRAN Calculations

To compare with the measured transmittances, the equivalent filter-weighted

transmittance for each data block was calculated using LOWTHAN 5. The required

inputs to LOWTRAN were given by the path length (20. 0 kin) the pressure (assumed

to be 1013.25 mb), and the measured temperature and relative humidity. The

inputs relating to the aerosol extinction are the aerosol model and the ineteorolog-

ical range, For most calculations the maritime aerosol model was used. How-

ever, the observer-estimated value of visual range reported in the data was found

to be inaccurate and unrepresentative of the conditions along the path. sm

To circumvent this problem with the observer estimated visibility, it was

decided to use the measured value of the extinction for filter 1 (0. 57-0. 97 p) to

derive a value for the meteorological range. The meteorological range, VIS, is

defined as th2 path length over which the transmittance at 0. 55 p is 0. 02. From

this definition and from Beer's law

VIS = 3122 (33)u(0. 55)

where a (0. 55) is the total extinction coefficient at 0. 55 , ant] 3. 912 = In (0. 02),

(see footnote on page 22, Section 3.2.)

In the spectral regioa from 0. 57 p to 0. 9 7 1A, the extinction coefficient is dom-

inated by the aerosol extinction coefficient which in LOWTRAN depends only upon

the wavelength, VIS, and to a lesser extent, the relative humidity. Neglecting the

relative humidity dependence for now, if a1* is the calculated mean filter-weighted

aerosol extinction coefficient for filter 1, then or* = a (0. 55) 13, where B is a

constant. One can then write

VIS 3. 912xB (34)
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Now between 0.57 and 0.97p, the aercsol extinction coefficient varies slowly with

wavelength, especially for the maritime aerosol model (see Figure 10a). For this

reason we van approximate g 1 * by the measured effective atmospheric extinction

coefficient a 1 (Eq. (32)) even though the spectral weighting is different for the two

quantities. Therefore, to the degree of approximation noted above, one can write

VIS = 3. 912 X BE/a

In practice, the constant B was determined empirically by assuming an initial

value of B and calculating the "effective extinction coefficient" (that is, - L41

In T1, where T is mean transmittance for filter 1 calculated by LOWTRAN) for

each case in the data set. B was then adjusted until the mean of this value aver-

aged over the sample equalled the mean of the measured values al.

11.4 Restdts of the Comparison

This section will present the results of the comparison of the measured and

calculated extinctions for various subsets of the measured data. In the figures

to be presented, the axes will represent the "effective extinction coefficient", that

is, (-ln T)/L, where T is the filter-weighted mean transmittance over the path

length 1, = 20 kim, The solid line in each figure is a 450 line through the origin

while the dashed line is a least-squares fit o1 the calculated extinctions to the

measured ones. Note that since both the measured and the calculated extinctions

contain errors, simple least-squares theory is not strictly applicable in this case.

Figure 43 shows the calculated vs the measured effective extinction coefficient

for the 7.9- to 11. 3 -p filter for the 50 cases of highest meteorological range

(that is, the lowest extinction in filter 1). The maritimc aerosol model was used

in the calculations; however, due to the combination of the spectral region and the

high visibility, the maximum calculated aerosol extinction in these cases is less

than 0. 02 k-I. This graph then is primarily a demonstration of molecular

extinction.

The regression line gives an indication of the quality of fit. The fact that the

y-intercept is nearly zero indicates that the calibration of the measurements is

good while the slope of the line of 1.09 indicates that the average fit is within

10 percent. The standard deviation about the regressien line is 3.016 kin'l; the

random uncertainty between the measured and the calculated extinctions can be
-1taken as plus or minus two standard deviations or 0. 032 km . The mean trails-

mittance for this set of points is about 0. 09. For the level of transmittance, the

uncertainty in the "effectve extinction coefficient" of ±(0. 032 km-I translates to an

uncertainty in the transmittance of about ±0.06.
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Figure 43. Comparison of the Calculated
vs the Measured "E~ffective Extinction Co-
e ffic ients" for the 7. 9 - to 11. 3S-p Filte r fo r
the 50 Cases of Hirrhest VIS, U1sing the
Maritime Aerosol Model. The dashed line
is a simple least-squares fit of the calcu-
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the regression line are given

Since the calibration error appears to be negligible, all further regression

lines will be constrained to pass through the origin.

The maritime aerosol model is designed to be representative of moderate

wind speed conditions over the open ocean. To test the validity of this model,

those cases for which the wind was off the ocean and between 6 and 17 in/sec

(Beaufort scale 4 to 7) were selected. The results for this subset of the data for

the 3.4 to 4. 2 p and for the 7. 9- to 11. 3 -p filters are shown in Figures 1t4 and b.

In both cases, slope of the regression line is not significantly different fron 1,

indicating a good average fit between the crculated and the measured extinctions.

Also, the standard deviations about the regression lines are not significantly

greater than that in Figure 43, indicating the same level of random arror.

To demonstrate the results when an inappropriate aerosol model is used, the

subset of the cases for which the wind was offshore was chosen and the LOWTRAN

tyansmittances were calculated, again usirg the maritime aerosol model. The

results for the 3.4- to 4. 2-p and the 7. 9- to 11. 3-p filters are shown in Figures

45a and b. In Figure 45a the calculated extinctions in the 4-p region are clearly
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too large, iry almost a factor of 2 for the high extinction cases. For the 10-ji

filter shown in Figure 45h, the slope of the regression line is only slightly greater

than that in Figure 44b, where the proper aerosol model is used, and is the same

as in Figure 43, where aerosol extinction is relatively unimportant. The scatter

of points in both Figures 45a arid b is double that in Figures 44a and b respectively.

Since the maritime aerosol model is inappropriate for these cases for which

the wind blows off the land (at least for thle shorter wavelengths), these cases were

rerun using the rural aei'osol model (and adjusting B ini Eq. (34) so that LOWTUAN

returns the sanie calculated extinction for filter 1 as was measured). These

results are shown in Vigui es 4(;a and b. In Figume 46a, the calculated extinction

in tie 4 -p region are now too low, again by a factor of almost 2 in the high extinc-

tion Ce.Ses. In Figure 46ib, the slope of the regression line has been reduced to

slightly less titan 1. 0, but it is still not significantly different front 1. 0. 'The

scatter of these points using the rural model is less than those using the rmaritime

model in about the same proportions as the reduction of the slopes of the regres-
sion lines.

The conclusions that can be drawn fi'om these data are as follows: in the 4 -p

region, the nraritime aerosol model provides a reasonably accurate description

of open ocean, moderate wind-speed conditions. For air nmasses originating over

land, tihe maritinie model gives far too much extinction. The rural model is not

appropriate for thie offshore wind cases either, probably because as tire wind blows

over the short stretch of water it generates sea spray and picks up some marine-

type aerosols. TFor the cases of offshore winds the most appropriate model is

some average of the mna citime and the rural models.

In the 10-p region, aerosol extinction is less important than in the 4-g region,

so that the choice of the aerosol model is less critical. Again the maritime model
gives an accurate description of air open ocean, moderate wind-speed condition.

hlowever, even in situations where an inappropriate aerosol model is used, the

i i,,sults may' not be greatly [in er'ror'.

12. SENSITIViTY TO METEOROLOGICAL INPUT PARAMETERS

In this section, an example of variations in transmittance, calculated fiorn the

LCWTRAN model, due to uncertainties in meteorological input parameters is

presented. It is given to illustrate one method of deterririning the sensitivity of the

program to ineteorological conditions, which could be applied by LOWTRAN users

to a specific atmospheric problem, A nmore definitive study in this area, using a
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similar approach for electro-optical systems application, has been carried out by

Snyder83 of the Naval Oceans Systems Center.

In general, the transmittance, Tk' calculated from LOWTRAN for an atmos-

pheric path at a given wavenumber, vk, depends on an array of meteorological

input parameters, x..

7k = 7(X'" X'N' "k) (35)

The N-parameters, xi, correspond to temperature, pressure, molecular absorber

amounts, aerosol type and amounts, meteorological range, path length, etc.

Assuming that the variations in the input parameters, 6xi, are completely

independent, the variation mn the total transmittance can be written as

N - 2 1/2N k 2

&r k2 (36)

Equation (36) defines the rots variation in total transmittance at the wave-

number, 1/k0 for independent variations in the meteorological input parameters.

It does not include LOWTRAN model uncertainties such as the band model approx-

imation for molecular absorption or the assumption of homogeneous layering of

the atmosphere, with thermal equilibrium in each layer.

Since the transmittance is usually a highly non-linear function of the input

parameters, the partial derivatives, (aTk/axI), of the transmittance in Eq. (36)

must be calculated numerically, starting from a given set of input conditions and

a specific atmospheric path. The atruspheric case chosen for this example is a

horizontal path of 2 km at sea level, i-ith a meteorological range of 4 km for the

rural aerosol model, and the 1962 U. S. Standard atmospheric mouet. The trans-

mittance for this case from 500 to 3000 cm 1 is shown in Fig'ure 47.

The partial derivatives of the transmittan,.ce were calculated from this set of

starting conditions by successive runs of IJOWTtHAN in which the various mete-

orological parameters were varied one at a time between, 500 and 3000 cm- 1 The

partial derivatives of the transmittance were stored in an (NxM) matrix, where N

ip the number of ineteorologiral parameters varied and MI the number of wave-

number points. Figure 48 shows the partial derivative of the transmittance with

respect to the water vapor density for this path and Figure 49 the derivative in

transmittance with respect to meteorological range.

83. Snyder', F. P. (1978) The Effects of Meteorological Uncerta.nrties on Electro-
optical Transmittance Calculat ions, Naval Oce-ns Systems Center,
San Diego, Calit-orTh, NOSC-TN-440.
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The variation iii the total transmittance is shown in Figure 50. Uncertainties

in five input parameters (pressure, temperature, meteorole ical ra)nge, water-

vapor density, and path lrngth) were assumed for this atmospheric path. For the

values used, transmittances varied by approximately ±5 percent in the window

regions (1000 and 2500 cm-)

13. COMMENTS

It should be remembered that the transmittance and radiance values obtained
-1

f. urn I .OWTRAN are at a spectral resolution of 20 em , although the output can

be obtained at 5-em -l intervals.

The program will round off input frequencies to tire nearest frequency at which

spectral data are given.

The overall accuracy in transmittance, which this technique provides, is bet-

ter than 10 percent. The largest errors may occur in the distant wings of strongly

absorbing bands in regions which such bands overlap appreciably.

The reason for this error is twofold. First, the spectral curves in Figures 19

to 21, Section 5 are based on a single absorber parameter and cannot be defined

for a wide range o.f atmospheric paths without some loss in accuracy.

Secondly, the transmittance in the window regions between strong bands gen-

erally lies in the weak-line approximation region, where the transmittance is a

function of the quantity of( absorber present and not of the product of absorber

amount and pressure. The one-dimensional prediction scheme presented in this

report is less accurate for such conditions. The digitized data were obtained for

conditions representative of moderate atmospheric paths and will tend to over.-

estimate the transmittance for very long paths and underestinate the transmittance

for very short paths, in the spectral regions described above,

As the transmittance approaches 1. 0, the percentage error in transmittance

decreases toward zero but the uncertainty in the absorption (or radiance) increases.

Additional constraints on both the validity of the nmodel as well as the range ,r

applicability are introduced for atmospheric radiance calculations. As mentioned

above the atmospheric radianc becomes less accurate for very short paths. In

adddiion, the radiance calculations assume local thermodynamic equilibrium exists

in each layer of the model atmospheres. This assumption will break down for

radiance calculations in the upper atmosphere. Therefore, because of the limita-

tions in tire ILOW'liRAN model for short paths (or small absorber amounts) and

deviaciios from theroal equilibrium (botlt conditions which occur' in the upper

atmosphere) it is recommended that the LOWTRAN radiance calculations be re-

stricted to altitudes below 40 kin.
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For the shorter wavelengths (<5 pm), scattered solar radiati :n becomes anl

important source of background radiation. Since this is not included in the

LOWTRAN model at the present time, radiance calculations at the shorter wave-

lengths with a sunlit atmosphere should be made with caution. A single scattering

solar-radiance code (SPOT) for plane-parallel geometry has been developed by

Larnpley and Blattner. 84 This code uses LOWTRAN 4 for the atmospheric atten-

uation of the solar flux.

Because of the nature of the program - which uses a layered atmosphere -

errors can be introduced into the refraction calculation, since we assume each

layer to have a mean refractive index associated with it. This is particularly true

for a long path in one layer near ground level where one would expect refraction

to be a maximum; but in fact, for such a condition the program may indicate no

refraction at all. If problems like these are encountered, the number of levels

must be increased in the altitude region of interest.

An additional note should be made here on the calculation of transmittance.

Although the code will calculate total transmittance for a given atmospheric path

in either mode of program execution, the time is increased by a factor of N in the

radiance mode, where N is the number of atmospheric layers along a given path.

;;i

84. Ianipley, C,. M., and Blattner, W. G.M. (1978) IE-C Sensor Signal Rlecognition
Simulation: Computer Code Spot I, Atmospheric Sciences Laboratory,
White Sands, NM, Report RRA-T7809,
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Appendix A

Listing of Program

A listing of the Fortran program IOWTRAN 5 (PROGRAM LOWEM) is given

in Table Al together with the 19 subroutines, as described in Section 7 and sum-

marized in Table A2. A definition of symbols used in the main program is given

in Appendix B. A segmented loader map of the LOWTRAN 5 code, from the

AFGL CDC 6600, is listed in Appendix C. An additional subroutine (DRYSTR),

used to generate "dry" stratospheric water vapor profiles is described in

Appendix E.
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Table Al. Listing of Fortran Code LOWTEIAN 5

FRGA DEM (INCVUTr128 ,OUT FUT--12,t- AP EC-OITPUTTAPE 7=64,) LOW 10u
I.,....'.. .,.... .....4 . *.. #q#4#...###*44#4#44S4MLO 20 C

c LOWTRAN I NOV 79 LOW 3 0

C LOW '.0
* UTHOPS LOW 50

F.K.KNEIZVS LOW E60
F. P. S4ETTLE LOW 70
L.. i.. A-RFU LOW e0

* J. . (MCTWVNO JP. LOW go
*J'.15. 4. ELPY LOW 100
*W. C. GALLERY LOW 110

R. 6, r NN LOW 120
R . A . WCCLATCHEI LOW 130

C LOW 140
C PROGRAM LOWIPAN -EALCULATES THE TRENSMITTANCE AND/OR RADIANCE LOW 150
C OF THE ATMOVFHERF LOW 160
C FROM 1r,' C'4-j To 4210Zý CM-i (0.25 To 28.57 MOCRCNS) AT 20 CM-i LOW 27C
C SPECTRAL RESOLUTION ON A AINEAR WAVENUMPER SCALE. LOW 180

C REFRACTIEON ANC, TARTH CURVITURE EFFECTS ARE INCLUDED. ATMOSPHERELOW 190
C IS LAYERED IN ONF K4. INT:TZVALS 9FTWEEN 0 AN)) 25 KM. , 5 KM. INTER-LOW 200
C VALS To F- KM., ATWENTY <M. INTERVAL TO 7o KM., AND A IHIRTY KM1. LOW 210
C INTERVAL TO IOU KM. LOW 220
£ a '

4 4 4 4 4 4 4
'

4 4 4 4 4 4 4 4 4 4
LW fl0

C LOW 240
C THE FOLLOWINr CEROSz SHOULD. FE KEYPUNCHED EY THE USER LOW 250
C AND MAIL~n Tot r.Y.KNFIZYS,AFCLIOFI,HAHSCCM AFG,KAVzS 02231 LOW 260
C' THE CORDF WILL Q; uSrr' To UPDATE THE AFGL MALI?)! LIST LOW 270
r. AND FOR NOTIFICATION TO THE USER OF ERRORS IN THE CODE LOW 200

CLOW 290
C LOW 30C
C (USE CDLJMNS 21 EU 7?) LOW 310
r' LOWT' N6"E LOW 320
C EGHTS. rOMlANY LOW 330
C LOWT

4 
AOOPES;S LOW 340

C LOW 350
L LOW 360
C 2 

4
####S####*##*###*

4
LO 370

C PROGRAM ACTIA ATEn By ýUPM1SSICN OF FOUR CARD SECLENCE AS FOLLOWS LOW 380
C LOW 3190
C CARD 1 MOVE'L,IHAZ%-'ITYPELENJPIO,IMHl,M2,M-3,MLIEMISS,RO,TBOUN~O LOW '-GE
C 1ISEASN,IVULCEVIS LOW 41!I
c FORMAT (1113,2F1 0 3,2I1, FEE. 3 LOW 420
C CA RD? HI , H2,ANrLE , ENGO, 3ETA FCRMAT(7F10.3) LOW 430
C CARD 3 Vi, V?, DV FORMAT(7F10.3) LOW 440
C CARD 4 IYY FCRMAT(I3) LOW 450
c LOW 460
C MDDELr , 2, 3,4 , (': ; IzELETS ONE CF THE FOLLOWING MODEL ATMOSPHERELOW 

4
%L

C TPOPiCAL,MIOLATITar- 'ýUNMEP.MID`LATITUOF WINTERSL.'ARCTOD. SUMMER, LOW (.80
C SUB3ARCTIC NTNTCR,OR -RE 196? U.S. STANDAR;D rESFECTIVELF LOW 490
C MOnELtE FOE HORT?. PA1TH WREN METEOCOL1. CATA USEDNINSTEAD 0F COARO 2LOW 500
C QEEDI 1T,P(98),T(UD-G C),PE4 FT.TEMP(C7G CJ,".REL NUHIO]TY,H20 DENSITLOW 510
C (GH.H-1k),U17 OENSIrV(GM.M.3), RANGE(KMI WITH FORMAT 42q. LOW 520
C MOOELrZ WHEN NE5W 100FL AT4OSPHERO(EG. RACEOSONCE CAYE) USED. LOW 526
C P.ATE CEr%) AP. PrAP TN BETE WEN CARDS 1 AND 2. AN[ SHOULD CONTAIN\ LOW 540
C ALTTTUfT(V4.),PHFSSIIPT,TEMD,C)EW PI.TFMP,REL. H-UPICTTY,H2O CENSITY,LOW 540
C r,7 OE)$ITYErFOqPL NO DENSITY ,VTSI,IHA,1,SEA1,IVULi FOFMATLOW 56E0
C 43 1;'PEE NYmOL rOP3 CVT4ILS LOW 570
C NOTE THAT wITI-FP 05W PT. TEHP.OR REL. HUMiDITY CAN FE USED. LOW Te0
r LOW 590
C FlM, t PF UCEPn YO CHANGF TEMP,H?)?), ANCOý 03LTIlLEE PROFILES. LOW bQ00
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Table Al. Listing of Fortran Code LOWTRAN 5 (Cont.)

c IEMTSSt0=TPANSIISS!ON MOVE / IEMISStI=EMISSICN f-OVE LOW f1I
C TSOLINO=TEMPERArUPF Or ZARTH IN rEGREES KELVIN LOW 620
c IF TIOUNE ='P00, 0550401 AIR TEMPERATURE OF MO0DEL ATMOS. LOW 630
C *LOW 640
C IP IHA7E=v NO AIRISOL EXTINCTION IS COMPUTED LOW 656
CCC VIS PARANETFR ON 'AR0 1 OWFRRIPEF! OSFAULT IHAlE VALUE LOW 660
CCC NOTE EXPANSIOF' OF WHAlE PARAMETER LOW 670

r IHA7E:I PIJRAL-ZTKM' LOW ES0
C IHA2E=2 RURAL- R;KM LOW 650
C IHAZFt3 MARITIME-23KI' LOW 700
C IHAZE:L. MA9?'ITTN-CKM LOW 710
C IHATE§5 UvQAN-SKM LOW 720
C INAE=6 TPCFOSPHERIC-50KM LOW 730
C IHRZE=7 USER DEFINED L.OW 7140
C THAZEA8 FOG! - DEF OIJLT VISIFIILITY =0. 2KM LOW 750
C IHAZE=9 FOST - DJEFAULT VI31IPILITY =0.5KM LO 1 760
C VISIPILTTY f9?C9ILES (NEW PARAMETER-XSEASN) LOW 770
C ISEASN=0 DEFAULTS TO SEASON OF MODEL LOW 7&6w
C 1556514:1 SPPING-SJMMEQ LOW 750
C ISEASN=P F ALL-WI,4eTPP LOW 800G
C NEW PARAMETER - IVULCN LOW OiO
C l0-3'<M OEOOSOL r YPE/VIS PROF ILE LOW 6 20
C IVULCNOD EPFAULT TO STRATOSPHERIC BACKGROUNE LOW 830
C IVULCN=1 STRATOSPHzRIC OICKGROLNE LOW 640
C IVUECN:? Pr5EC VOLCANIC TYPE/MOOERATEi VOLCANIC FROFILE LOW 550
C IVULCN=

1 
rFC$Sl V)LCAN'IC EAFE/HIGI- VOLCANIC PROFILE LOW 060

C IVULJCN'' ArlEC VOLCANIC T(PE/HIGH VOLCANIC PRCFILE LOW 870
C IVULCNRI FRESH V)LC^ANIC tYPE/MODERATE VOLCANIC PROFILE LOW 080
C Low 550
C ITYPE=I,? OR IVTOICATES 18HE TYPE OF ATMCSPMERIC PATHi Low 900
C ITYFE:7,VFOTICAL WP SLANT PATH TO SPACE LOW 9±10
C ITYPF=2.VERTICAL 0- SLANT PATH PEINFEN TWO ALTITUCES LOW S20
v ITYPE=I, COFRPýSPONC3 TI' A HORIZON'.)L (CONSTANT PRESSURE) PATH LOW 530
C LCW 940
C H1=OPSFRVER ALTITUDE (KM) LOW S Fu
C H/'=SOURCC PLTITUF)F (KM) LOW 560
C ANGLE: ZENITH ANGLE AT HI dýEGREES) LOW 570
C RANGE:PATH LENGTH (KM) LOW 980
C SETA=ECAYTH CENTRE ANGLE LOW $50
r VIS = VISUAL qANG- AT SEA LEVEL O(M) LOW 1000
C (IF ITYPE-! RF~r Al A40 RANC-E; IF ITYPEz2 READ Hi ANC ANGLE.. LOW 1010
C IF ITYPE=E 'EAO H1 AND TN) OTHER PAPAMETERS E.G. H? AND ANGLE) LOý 1020
c LOW 1030

C V1=INETTAL FRF'TUERCY (WAVENUMeEE CM-i ) INTEGER VALLE LOW 1[40
C V2:FTNOL FREOUCNCY(WAVENUIRER Cl1-1 ) INTEGER VALUE LOW 1050
C "V= FVDQLir'CY INTFPVALS AT WHICH TRANSMITTANCE IS PRINTED ICH 1060
C NOTE 08 MUST BE A MULTIPLE OF S CP'-i LOW 10/0
C LOW 1360
o 1Xrh1 10 LN¶ 0D10 .=I FOR NEW VE,V7,OV ONLY , 3TO CONTINUE EATALOW 10S0
c Iyy=l FnQ NFW CADrý IfNLY,_4 FOR NEW CARD IONLY. LOW i100
C ...... ##............ -#4....#LOW ±11J

COMMON /CA'Phl/ 40)FLEHAZ% ,ITYPE, LEN, JP,IM?, MI,HI,M3,ML, IEMI SSRO LOW 1120
I ,TBOUNrO,IS'ASN,IVU-C4,VI3 LOW 1130
COMMON /Frnq-/ NE,H-,RNGL- ,PA NEE ,PE TA , HtlN, RE LOW 114A

COMMON 1CP0P31 VI, V2,1'V, AVW,OCO, CW, W1 1'i),E(15 )CA ,T LOW 1150
COMMON /CNTPL/ L-4 ST KVMOAX,M ,IJJIJ2,J MIN,ýJE TRA ,1L ,IKM AX, NL L,6F LOW 1.18h0
1 ,IFIND,NL,TKLO LOW 1170
COMMON /''I 7 (R4),r(7,34),T(l,34),WH(7,34),WO(7,!84) LOW 1300

,SEASN(2'),VULCN(',),VIZR(q),H7(15).HMIX(-4.) LOW 1190
COMMCN RELHL'M('4),HS;TTR(ILI,EH(15,'AkICH(N.),VH(151,TX(iS) LOW 1200
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COMMON WL00('4,XT),WPATH(b8,15),TOPYCFO) LOW 12 10

COMMON A nSC (4.,¼4),TC (4,4 0).vx2 140) LOW i 220

lxv =0 LOW 1230
CALL Mill LOW 12l40
KMAXY=1j, LOW 1250

PI=2.0851;N(1.V) LOW 1260
CA= PI1/I SO . LOW 12 70

13 CONTI NUF LOW 1280

PE:6'71, 2' LOW 1290

IF INfl= LOW 1300

C IS MEn SUF 3:S PPTNT LOW 1320
REAC 10;, NOOEL, IHA7F IIVDE,LEN,J6 ,IM,M1,82,M3,WL,IEP4ISS,RO, 1RCL6NCLOW 1320

1, ISEASN,V12012,.VIS LOW 1330

C IOMI;SS'=TRACMIS TON MODE / IEMISS=I=MISSION M0CC LuW 1340
IF CILNISS.EO. 1) RPRINT iii LOW 1350

IF (IFMISS.fO,0P ORINT 115 LOW 13130

LENST=LEN LOW 1370
PRINT 1ý5, FCreL,IM67m, ITY PF,LENJP,IMM1,NZ,63,F'L,1Er.ISS,RO,TEOUNLOW 1!80

ID, ISFAIN, IVULCN,VTS, LOW 139n

15 P-MOOEL LOW 1400

IF( (M. F1. 1. OP.M., 0 .51) AND4. ISEASN.EO.0) 15161N=2 LOW 1410
IF (VIS.LF.TR.0.&NDINO28.;T.O) 415=VSB(1H020J LOW 1420
ICHO j):TH-17F LOW 1*30

ICH(2)z6 LOW 144-0
ICH(S)=R+IVLLCN LOW 1450

ION (1.) 15 LOW 1460
IF QCIC(1) .LE.II) Trj4(1) =1 LOW 1470
IF CICH-( 'I.LF.Q) rrHO3) =10 LOW 1480
IF (94005L.IO.1) Q2:6'7'0.3 LOW 1.4 90
IF (POTZL.fC0. 05=F43q6.9i LOW 15000
IF (HODEI.EC.d) .FtR=63 al. LOW 1510
1IF (1H1

1
1,NF. ') CO Tol 20 LOW 1520

NEAL' 2011, (UMYE'II)A8SCUI,I),Iv1,4a) LOW 1' 30 O
20 IF (P0.rT.C.0) PF=PO LOW 1040

IF (MOOnrLF(.EC.UND .TP.N0.0 ) GO TO 35 LOW 1550
if (123.13.'1) Go TO h~r LOW 1!630
IF (MODEL .E0.0) GO TO 35 LOW 1570

?5 REID) 12-0, ll1,F?,hAqflC,RANZCBETA LOW 15800
PRINT 1'S, )41,W',AN'ýLE,RANGE,OCTA LOW 1593
Y1= PEtHi LOW 1600

IF (IT'PE.P). ') C:) TO 40 LOW 11'10

IF (ITv":.Ec.l) r.) TO 65 LOW 1670
X2=RC+HP LOW 1630

IF (P11410. £. C.) o, 00 53 LOW It1464

PRINT ll31, ,-I,H?,ANGL¾RkANGF,PETA LOW 1650O

IF CHZ.EnF.rC.ANP.ANGLE.NC,.0.) GO TO 30 LOW 1660

ANGLF-ACOSt0,.s#((M;-M1)'(1,+A2/X11/RANGE-RANG0/X1))/CA LOW 1670

GO TO. 6n LOW 1F80
30 XT-50RT( (Il/RANGI+RONOO/Xlt 2. OCOSCA'JGLE-CA) )'K1'F0600) LOW 1690

H?: AS-PF LOW 1700

CO TO "' LOW iiiU

351 CONTINU7 LOW 1720
IF (MLL.F.I) :iI~* LOW 1730
CALL NSMF'1 LOW 1740
10:0 LOW 1750
I F (moOEFL . F£ r,: Tf 6I1() LOW 1760
NI; '1 LOW 1770

C NOTE T1WA) 7(1) MaY NOT CORRESFONO TO iHE SALUFS GIVEN FOR SIANCARELOW 1760

C MODEL ATUOS)-HERCC LOW 1790
IF (I.XY .CI,3. Go T: 0 61 LOW 1000
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GO To Is LOO ±101
40 IF 4RANGE.CT.0.0) GO TO 4, LOW 1820

IF (N2.GI.0.0.ANP.H2.LT.HL ) IFINOzi LOW 1830
Go TO 653 LOW i~i.±

453 ITYPE=? LOW 1850
BETA=ACOS(0.E*(PANC'E-PANGEf(XPAK2)-X2/X1-X1/0211/CA LOW 1880

50 IF (EETA.EO.od) GO TO 55 LOW 1270
IF 151:1 LOW 10eo
5FT=CA-RITA LOW 1850
X2ýRE+H 2 LOW 1900
ANGLEtATAN(07%STN(BFT) /(X?'COS(5ET)-XS))ICA LOW 1910
RANDF=XK?%IN1AET)/S1N[ANGE-CAI *O 14920
BEr: PET A LOW 1930
GO TO 65 LOW 1540

55 RA NGF ( XF/ Y1) I-(VIN (ANG. E-CA))92 LOW 1950
IF (RANGE.Gfl0,.0) RAiNrE=X11#(SORT (RANGE)-ASS (COS (PNGI.ERCA))1 LOW 1560

69 IF (ANGLE.NE. 0..OR.ItNGLf.NF.180.) RIT=ASIN(CRANGE'S0N(ANGLE
4
08)14X2)LOW 1970

IFC0NGLE.LT.I.) ANGLE2ANGLF4±00. LOW 19380
IF (RANGE.Lr. 0.0) Q0NGE=-RANGE LOW ±590
BET=PET/CA LOW 1000
PRINT 195, so,82,AT4GLr,RANGE,BET LOW 2010

65 CONTINUE LOW 2020
IF (IXY.LE.2) QI0- 120. V1,V2,OV LOW 2030
IF (IXY.LE.2) PRINT 120, V1,V2,OV LOW 2040
IF CITYPF.EC.1) POINT 12ý, N1I,RANCE LOW 2050
IF (IT. PE.'O.?) PRIIT 130, H1,H2,ANGLE LOW 2060
IF (ITYCEEG.3) PR1IN T 135, Hi,ANDLE LOW 2070
IF (MOPEL.FO.0) t$:' LOW 20100
fl (VIS.GT.C.C) PRIN14T 175, VIS LOW 2090
IF (H.EO.aI PRINT 14r, MODEL LOW 210G
Ir thNaw. ?I ý1NIN 14bs, MOI)EL LOW 2110
if (M.FOQ.'1) PRINT I'SO, MOD EL LOW 2120
IF ("J.4F ) PRINT I155l, MOI'E L LOW 2130
I F (ME~)PRINT 165, MODEFL LOW 2140
IF ( M.,FQ.6CI PRINT t 1;0, MOD EL LOW 2150
IF (1N0_7F.FF'.0) PRINT 190 LOW 2mGD
IF (1N0?F.NE.J) PRINT 170, INAZE,H7(INAZE),vIS LOW 2170
IF (ISEASN.EF2.0) PRINT 203, S0ASN(1) LOW 2150
IF (ISFASN.NF.01 DRINT 205, SEASNZISEASN) LOW 2090
!F (IVULCN. EQ.0 9' 2PIT 21, VULCNCI) LOW 2200
IF (IVULCN. NE.0) PRINT ?10, VULCN(IVULCN) LOW 2;'10
AVW =10000 0. /VX LOW 2220
ALAM=10000./52 LCW 2230
PRI NT i157 , Vi , v?,V, AL AM,I3V W LOW 2240
CALL NPQOF LOW 22F0
CALL GE0 LOW 2260
CALL EbORIN LOW 2270

70 WR IT E t7 ,105) MOD'L, INAZE ,IT YFE, LEN, JP, 1IM,FS, M2,MI3,ML , IEHI SS,RD, LOW 2-'80
1 TBOUNO,I!'FASE,IWIILCN.VIS LOnW 2;90
WRITE(7,1202 H1,H',ONG'LERANGE,SETA L .4 2300
WRITE(7,120)VI,V?,OV LOW 2310
IF (IE'IISS. FO.0) G0 T0 75 LOW 2220
CALL OATH LOW 2330
PRINT 211- LOW 2Z40
PRINT ??q LOW 2350

75 CALL TOINS LOW ZIFO
READ' 160, 101 LOWi ?370
END FILl 7 LOW 2350
JEXTRA' 0 LOW 2390

IFIV~FLOW 2400
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PRINT il', 70' LOW 2410
IF (IYY.F•.0) GO TO 95 LOW 2420

GO TO (80,10,55,1C1 IXY LOW 2420
80 READ 123v VlV2,DV LOW 2440

AVW=oOOoO.rV1 LOW 241O
ALAM: 10000. /VP LOW 24E0
PRINT 180, VIVlJV,ALAMAVW LOW 2470
GO TO 71 LOW 2480

65 IF (IEMISS.F(..I) P0IfN' 110 LOW 24•0
IF (TFMISS.EO.0) -RINT 115 LOW 2500
IF tMOOEL.EO#O) GD TO 35 LOW 2510
CO TO 25 LOW 2570

95 STOP LOW 2520)
c LOW 2540

100 rORMAI (.I',FiI.4) LOW 2550
105 FORMAT (10?12FJ0. 3,?T3.FiI.3) LOW 2560
1'0 FORMAT (47H1 PROGRAM WILL OF EXECUTEO IN THE EMISSICN MODE) LOW 2570
115 FORMAT ('31Hi PROGRAH WILL RE EXEQLTEO IN THE TRANSMISSION MODE) LOW 2580
1ZG FORMAT (?rjO,) LOW 25.0
125 FORMAT (1/i0Y,28H HOPIZONtAL PATH, ALTITUDE =,FT.3,ilH KMRANGE -,LOW 600

1FZ.3,.3H k) LOW Pr10
130 FORMAT (//ICEX.9H SLANT PATH BETWEEN ALTITUDES HI At,[ H2 WHERE HI LOW 2E20

1-,F7.3,8H KI H7 =,FT.3,ESH KMZENITH ANGLE OF7,3,AN DEGREES) LOW 2(20
13J FORMAT (f/I1X0,9H SLANT PATH TO SPACE FROM ALTITUDE H1 =,FT.3,±SH LOW 2640

1KM, ZINITH ONGL- ',F'.3,0l [EGREES) LOW 2F60
140 FORMAT (/POX,18H 4OPEL ATMOSPHERE ,It N a TROFICAL) LOW 2(60
145 FORMAT (/20X,18H 4OFL AT4OSPHERF 1I1,2lMH MIOLATITUDE SUMMER) LOW 26)'0
150 FORMAT (/2!X,IAH 4ODEL ATIOSPHERE ,Ii,ZIH MIOLATITUOE WINTER) LOW 2680
155 FORMAT (/IOY,1AH MOrL ATMOSPHERE lti,3H = SUh-ARCTIC SUMMER ) LOW 2(90
160 FORMAT (/2V , 8H MODEL ATMOSPHERE 1,II21H = 1962 US STANDARD ) LOW 2100
165 FORMAT (/20X,18H DO)EL ATMOSPHERE ,Ii, ZIH SUB-ARCTIC WINTER ) lOW 27.0
170 FORMAT ((?00,15H HATF MODEL ,Ii,3H - AAl, VIS-,FG.1,2NKV)LON 2720
T7', FURMAT (/?6Y,13HHmA7 MODEL =,FS.1,29H kM VISUAL kANGE AT SEA LEVELOW 2730

IL) LOW 2740
180 rORMAT (110),21H FREQUENCY RANGE VI= ,F7.1,1I1H CM-I TC V2v ,F71.,!LOW 2750

t4H CM-1 FOr OV =,F6.1,9H ZM-i (,F6.2,3H - ,FS.2,IOH MICRONS I) LOW 2760
185 FORMAT (10ý(,7F1.3) LOW 2710
190 FORMAT (/200,DSHATROSOL SCATTERING NOT COVPUTEO,1HAZE=0) LOW 2700
195 FORMAT (IOXAH Hi=,rT.3,6EKMH2=,FZ.3,MHKMPAIGLESFO.4,13HGECM. FALOW 2790

INGE =,F7.?,8HKM,CETA=,F8.R) LOW 2800
200 FORMAT (4(FE.?,2t.?,)) LOW 2l00
205 FORMAT (/12Y,10N4 SFASON ,A13) LOW 2820
H10 FOOMAT (/20•0,•M VEPTTCAL PROFILE f'OSOL MOCEL r A16) LOW ?.30
21' FORMAT (1H1, XC•3"AOIAN3E(WATTS/CM2-STER-XXX)) LOW 2840
220 FORMAT (300,47HFR(MH-0) WVL(MICRCN) PER CM-i PER MICRON,26FLJW 2850

1 INTEGQAL 
T

RAN3) LOW 2860
END LOW 2870
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SURROUTINE KPTA HO0T 10
C HOT 20
C MODEL 8THOSPHEIOR5 DATA MOT 30
C MDT 60

COMMON /CAREI/ MlOOýELIHA7E,TTYPE,LEN,JP,Itl,MI,M2,M3,pt,IEMISS,PC HOT 50
1 ,T8OYNO,1SEA'CN,1VULCN,V13 HOT 60
COMMON /CARO2f H1,M21 *NGLE,GZAMGE,SFTA,M8IN,,52 HOT T0
COMMON /58Q03/ Vl,V7,OýV,8WCO,CW,'4(l5),E(i5),CA,F1 MOT 80
COMMON fCNTPL/ LENST ,KMAX, MIJ,J1,J2, JHIM,JEXTRD,IL,IKHAX,NLL,N4P1 HOT s0

i,IFIND,NL,TKLO HOT7 100
COMMON Hfl8ATA/ 7(34),n(7,4),T(T,34),WHM(,3&),WC67,36o) MOT 110

± ,SEASN(2),VUJLCN(r),VS;9(9) HZfi13),HM1X(316) MOT 120
COMMON R2LHU'M(34),HSTOR(341,EM(i5,34),ICH(4),VM(15),1X(16) NOT 130
COMMON WLAY(34,152,14P8TM68,is),7189Y(68) MOT 11.0
COMMON APSC(4,40),sXTrv.,40,,v021L.§) NOT 150
DATA I8TH, E-/,N. /'L/ HOT 160
CATA' Z(I),1=1, M4)/ HOT 170

1 0., 1., 2., 3., 4., 5., 6., 7., 8., HOT 180
2 9., 10.,t 11., 12.,9 13., 1'.,, 15,, 16.,7 17., MDT 190
3 18., in., ?91., 21., 22., 23., 24., 25., 30., MCT 200
4. 35., 40., 45., 50., To., 100.,99999./ HOT 210
DATA( P(1,1),zI', 31-)/ MOT 220

1 1.013E*C3, 9.04f*EP2, 8.0502+02, 1.1502,02, 6.330E+02, 5.5930+02,MOT 230
2 4.920F+02, c..3?oý+O 2 , 3,780E+02, 3.2902+02, 2.860E+02, 2.470E+02,MOT 2600
3 2.130F+02, 1.0820+02, 1.5&02E+02, 1.3202.02, 1.110E402, 9.3702+01,MOT 250
4. 7.090E~r±, 6. 660-+) 1, 5.550E+01, 4.800E+01, 4. O'L E fO1, 3 .5 0 40201,MDT 260
5 3.000F+01, 2.570F#01, 1.22G2+01, 6.0002+00, 3.050E+O0, 1.5902400,HUT 970
6 8.540F-01, 5.799E0-2, 3.3005-04, 0. M OT 280

0ATA( 0(2,1), 1=l, 34)! HOMT Z90
I 1.013E401, 0.020F+12,. 8.020E+02, 7.1002.02, 6.200E+02, 5.SLIOEI02,HVT 300
2 4..070"+02, 4.260'402, 3.720E+02, ?.2402E+02, 2.8102.02, 2.4302,-02,MOT 310
3 ?.0900402, 1.7q05+02, 1.5302+02, 1.300E+02, 1.1102402, 9.SOOE+0l,HO)T !20
4 $.120F*C1, 6.1)5-l401, 5.950E+01, 5.100E0.0, 4.!102.01, 3.7602401,HDT 530
5 3.220t+01, 2.770E-01, 1.3202401, 6.520E+00, 3.330E+00, 1.7602400,MD)T 360
6 C.0j01..0), 6.-119E-02? 3.00 cc:-04, 0. / HT 350
DATA( 0(3,I),'=I, 3ud! /HOT !60

1 1.018P+0', 8.973F402, 7. 8 972*02 , 6.938E+02, 6.0812+02, 5.313E.02,MOT 370
2 4,627F*0', 4.016-E+4,2, 3.4722+02, 2.93922402, 2.56F2*02, Z.199E+02,HCT 380
3 1.5852r+02, 1.6102+02, 1.378E+02, 1.178E+02, 1.007E492, 8.6202.O1,MOT 390
4 7.350E+01, 6.2801+91, 5.170E+01, 4.580E+01, 3.9105+01, 3. 3k 02401,HOT 400
5 2.860F+01, ?.4'90F+01, 1.110E+01, 5.180E.00, 2.53O1.00, 1.2902.00,HDT 410
6 6.8205-01, 4.6700-n2', 3.0 002-04, 0. M OT 420

DATA( P(4, 1), I'1, 34)! H OT 430
1 1.010E+03, 8.960E+02, 7.929E+02, 7.000F+02, 6.1802.02, 5.4102402,MOT 4.40
2 4.730E+02, 4.130E0+2, 3.5302+02, 7.1272.02, 2.07E2+02, 2.300E+02,MOT 450
3 1.977r+62, 1.7005--2, 1.46G82412, 1.250E+02, 1.08C2..82, 9.280E01i,MOT 460
4 7.980E+01, 5.8605+01, 5.3902+01, 5.070E+019 4.360E+01, 3.7-502'01,MOT 470
5 3. 227F5+0I1, 2.7802.11. 1.3402+01, 6-610E+00, 3.40[E+00, 1 .810UE+0 0,HOT 4i80
6 9.870F-01, 7.070E-02, 3.0 00E-04, I'. MDHT 490
DATA( P(l) , I=1 , 34)! HOMT 530

1 1. 013r +B3 P. 87P: 07?, 7. 775E2+02 , 6.7(38E402, 5 .932E 402, 5 .15 82+02 MDT S510
2 4. 4670+0?, 3.853F+02, 3. 328E+ 0?, 2. 82913+32 , 2.4182E+02, 2.0672+02,MOT 520
3 1.654?.1505 9, 1 sE*02, 1. 10V2 02, 5. .10+1?*l 8.05 85.01,MOT 5;30
4 6.882S+1 . 75+01, 5.0 142E+01, 4.?772+01, 3. 6672401, 3. 109E+0 1,HOT 560
5 2.f49E+0t, ?. 25615+01,v 1,1202+01, 4.701E+00, 2.243E400 1.It3!4 0 0,HU T 550
6 5.71917-ri, 4.016H-?2, 23.2 CE-SLI, 0. M OT 560
PATAC (4)I1 3W) MOT 570

1 l.013r.0l, $.9'65t02, 7.350E+02, 7 .012E+02, 6.1662402, 5,405E+0Z,pqoT 580
2 4.722C*12, 4-.111-+'2, 3.56'E+C2, 3.JSOE+12, 2.65LE+02, 2.270E+02,HOT 590
3 1 .U4DE02+, I .65Pr-fl?, 1.4 17E+02, 1.?I1 1+02, 1.0 35E+02, 8.8502.0 1,HCT 600
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4 7.565E+61, 6. 46~27- r, 5. 5 2 9E01, 4.729E010l, ',.ao7Eh'1 0, 3.467E+0lNMDT 610
S 2.972E+01, '.549E+,1, 1.197E+01, 5.746E+00, 2.8711+00, 1.491E*+0,mDT 620
6 7. 97 9E -01, 1, 6.5?l'--U 2. 3. 0 0 8E-04, 0. / OT E630

DATA( T(1,1),1=1, 34)/ MOT E640

I 3.000E.02, Z.9401E2 2, 2.a806+8 2 , 2.840E402, 2. 7701 +02, 2.7001402,NOT 65o
2 ?.S40E+02, 2.570F1*32, 2.6001E402, 2.440E+92, 2.370E+02, 2.300E+02,1401 660

3 2.240E.02, 2.170E11f2, 2.1 0E06*0, 2.0404+02, 1.97VE+02, 1.9500.02,MDT 670
'. 1.9S90.0 2 , 2 .0 !0:+3 2, 2.12 1E402, 2.11l0,+02, 2. 150E+02, 2,1201.02,M01 680
5 2.1906+02, ?.2?101402, 2.520E+02, 2.430E+02, 2. 540E+02, 2.6506402,NOT 650
6 2. 700F+02, 2. 190F+02, 2.1 006402, 2. ±001402/ MOT 700
DATA! T(2,I),Tz1, 34)/ NOT 710

1 2.9406+07, 2.900E+02, 2.8506+02, 2.790E'02, 2.730E+02, 2.o701.82,NOT 220
2 2.610E+02, 2.550-+02, 2.460F+02, 2.420E+02, 2.3901'02, 2.2901+02,NOT 730
3 2.220F+02, 2.160- +02, 2.1600402 , 2.16014+02, E.16114802, 2.i60E+02,MOT 240
4 2. 160E+02, 2. j17r7+0 2, 2. 1 86E+02 , 2. 1901+02 , 2. 20CE 482, 2 .22 0140 2,M07 710
5 2.201.07ý, 2.240'r+07, 2.3 400.+02 , 2.45014+02 , Z.5801+02, 2.70064+02,810 760
6 2.760E402, 2.180E+02, 2.100E+02, 2.1001+02/ NOT 770
DATA( T(3, 1),T=1, 34)/ MOT 780
1 2.7?2210?, 1.687E*G02, 2.615?E+ 02 , 2. 6±71+ 0, 2. 557E1402, 2.4971402,NDT 790
2 2. 43 71.02, 2 .377F+032, 2. 3 17E+02, 2, 25 7E+02, 2. 157E+ 02, 2.152E.02,MOT aco

3 2.1075:+02, 2.1802E+0 2, 2.1/717+02 , 2.1726+02, 2-.1471+02, 2.1621402,NOT t10
4 2. 157F+02, 2 ,j 5 L7ý+0 2, 2.1571E+02, 2.152E+02, 2. 152E1+32, 2.1521402,407 820
S7 . 15264+02 , 2.i1526+02, 2.1 74E1+02 , 2. 278E+02 , 2.1,321+02, 2.585&402,MOT 830

6 2.657F*02, 2.,307E+021, 2.10 2F+02, 2 .100E+ 02/ NUT 840
DATA) (4371 243/ NUT 650

1 2.870E.02, 2. 8901+0, 2 .?.760F+032, 2 .710E4+02 , 2.660E1+02, 2.6001+02,NDT 060
2 2.5301.07, 2.460E+02, 2.3906+02, 2.320E+02, 2.2504+02, 2.250E+02,NCT 070
3 Z.2501E+02 , 2.2401+02, 2.2510E+02, 2.2'506+02, 2. 25114 02, 2. 250E40 2,NDT p180
4 2.2501.07I, 2.2501+82, 2.2?501F+0 2, 2. 2 5Of+02 , 2.2501+02, 2 .25F 01.2,MDT 890
5 2.2601402, 2,2605402, ?.350E+02, 2.4701+02, 2.620E+02, 2.7400402,1401 900

6P 77(511, 2160E02 2' 10E02 N.OE+2OT 120
0 A A( T(0 r ,1-, 00+2 27 0142 2.100102/DNT S±0

1 2 .57 16F+ 22, 2.6 S164+0 2, 2. 5 5 91 402, 2. 52 7E1+02 , 2.4771402, 2.4091+0 2,NDI 930
2 2. 341F +07, ? .27 NE+ 02, 2.206E402, 2 .47 21+0 C2, 2. 1721+0 2, 2. 172Et02,NCT 140

3 2 .17 2E 0402, 2. 1727#0402, 2.017 2E+0 2, 2,1121+02, 2.116CE+ 0 2, 2.1600402,M0T 950
4 2.1541402, 2 . 1 4 @c+0 2 , 2.1411402, 2.1!6E+02, 2.1301.02, 2.1240402,NOT 940
5 2.1106F02, 2. 11 21 1-2, 2. 16 6F4012, 2.,22 214+02 , 2. 3 47E+ 02, 7. 4201402,NOT ¶70
6 2.5933E+02, 2.4571402, 2.100002, 2 .10 01E+02/ NOT S8 0

0ATA( T(0-,13,7=1, 34)/ MOT 990
1 2.0816.02, 2.81V~+02, 2.1511+02, 2,6871+02, 2.f221.02, 2.5571402,ND)T 1000

2 2.496E492, '2.4627+02, 2.362F,+02, 2.1666+02, 2.236E+02, Z.j68E402,MCT ±020
2 2.4966422, 2.1667'+:2, 2.3621*02, 2,2971+02, 2.23166 02, ?.1681.02,NOJT 1010
4 2.1(666.12, ?.1662+0 ?, 2, 1 66t02 , 2.1 76E6+02 , 2.165E492, 2.196640C2,0471030
1; 2,206E+02, ?.701+6E6, 2.2651+12, 2.3656+02, 2.534E402, 2.6420+02,MO011040
6 2. 706E1.02 , 2.1972+0 2, 2.1 006+02 , 2. 1001E+02/ NO T ±050
0072(43411,1 , T=I , 74 )/ NOT 10 60

1 1.900'400, 0.1302+4I1, 9.SOOE+00, 4,.700F400, 22.2001400, i.S000+0o,NCT 1070
208.500E-01, 4.700E-0±, 2.5001E-01, 1.2001-01, 5.0001-02, 1.7000-02,3407 1000
3 6 * 0006-01, 1.8001-07, 1.0001-03, 7.600E-04, 6..4 001-04, 5. 6006-; 4,401 10C0

4 -5.0000-04, 4.9007-0 4, 14.; 001-04. 6. 1 31nF- 04 , 6, 1006-04, 5,4001-04,3407 1100o
5 6.0006-14, 6.7007-0o4, 3.460 06E-0 4, I.10 01E-04, 4.SOCOE-85, t.90OO-05,HOT 1110
6 6. 303F-CE, j*. 4 0 0Qr 7 , 1.0001E-09 , 0. MOT 1320

P070(343(2, 1), 0-I, 743)/ MO0T ±130
1 1 .400''-t1, 9.3071.10G, 5.9016400 , 3.3006E+00, 1.9001+00, 1.0006+00,NOT 1040
2 6,1005-41,i 7.7061 2.100-01 , 1. 2J01- 01, E. 40CF602, 2,2000-02,M08 1150
3 6. 0006-0', 1.8nI6-03, 1.3 006-03, 7.6021-04, 4:.4 001-04, 5.6001-04,1401 1060
4 5, 0006-01ý, 14. p00 -0 4, 4,5061-C-4, 5,.iOOr-04, 5.1000E-04, 5.4006-04,HDT 1270
';6.000-04, 6.7036F-04, 3.6001-04, 1.1001-Oh, 4.394E-05, 1.9001-05pM01 1080
6 6 . 3006-2, I3 ,4 nOE1-7, 1.000E-1-0, 0. MDNT 1190
DATAN(WI(,T133 '4)1/ MD0112 00
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1 3. 500E0+0CC, 2. 500CE'02C, 1.80OC2E-Oft, 1. 200OE+30 , 6.6002-01, 3.8082-O1,MOT 1210
2 2. 10 OF -01 , 0k.5000-02, 3.5 006 -02 , 1.6000-02, 7. 500OF- 03, 6.900E-0 3,HOT 1220

3 6. 0 00U-03, ±.800
t
-T3-, 1 .0 002E-0 3, 7. 600OE-04 , 6.400E-04, 5.6002-04,HDT 1200

4 5,. 000-04, '..9002 -04, 4. 500CE- 04, 5.1000-04, 5. 1012-04, 5.4VOF-04,"OT 1240
5 6.000OE-04 , 65.700OF-14, 3.600I-0D4 , 1. 10OF- 04 , 4. !00E-05, 1.900E-05,HOT 1250
6 6. 30 V-06 , Id.40n! -07, 1.000E-09, 0. M OT 12E0

DATA(IWH(4, 1),'0:1, 3r') /MOT 1270
1 9.100E+0C, 6 .000OF4+n00, 4. 2 00E+00 , 2. 700E+U00, 1.700E4G00 1.000E#00,HCT 1280
2 S. 4U00F-0 1, 2.900E0-0 1, 1. 3 000-01 , 4.2002-02, 1.5002-02, 9. 4002E-03,MDT 1290
3 6. 000OF- 0?, 1 . 810c-0 3 , 1. 0 005E-03 , 7.600OE-04 , 6.40GE -04, 5. 6002-04,MOT 1200
4 5.0000E-04 , 4.900E-04., 4.500DE- 04, S.1000B-04, 5.1020E-04 , 0.4002-04,HCT 14010
5 6.0000-04, 6 .7D0E-n4, 3.600E-09., 1.1000-04, 4.300E-05, 1.9000-05,HOT 1320
6 6. 300P-0c6, 1 .4U00E07 , 1.0 OOE-09 , 0. M OT 1!!00
OATOWH(5,I), 0±1, 34)/ MOT 1340

1 1.200E*00, 1.200E+o0, 9.4002-01, 0.8002-01, 4.1000-01, 2.000E-01,MUT 1350
2 9. v00OF-0o2, 5 .400V-0 2, 1. 1002E-02, 8.4000-03, 5.5005-03, 3.8002-02',MO)T 1360
3 2.6002-03, 1.800~-03, 1.000E-03, 7.600E-04, 6.4 000-04, 5.600E-0 4,HDT 1370
4 5.0002-C'., 4.900E-04, 4.5 006-04, 5.1002-04, 0l.1002-04, 5,400E-04,MDT 1380
5 6.000E-04, 6..7000-04, 3. 6002E-04, 1. 1002E-04, 4.3002-05, 1.9002-05,MOT 1390
6 6,300E-06, 1.4@00c371 1.0 OOE-09 , 0. /MHT 1400
DATA(WH(6,T),T±1, 34)/ MOT 14 10

1 5 .9 0OF 0U , 4.2000+-00, 2.90OE+00 0, 1. 80002+ 00 , 1. 1000E+0a, 6.4000-01,HOT 1420
2 3.8000-01, 2.1000-01, 1.2000-0i, 4.6000-02, 1.8002-02, 8. 2002-03,HO)T 1430
3 3. 70OE- 03, 1.I.800E -0 3, e.4002E-04 , 7. 200OE-04,I E.1002L-04 , S.200E-0 4,HDT 1440
4 4.400E-04, 4 .400E-04, 4,405E- 04, 4.86002E-04, 5.200E-049 5.TOOE-04,HOT 1450
5 6. 1000-04, 6.6000-04, 3.80005-04, 1.600E-04., E,7-00E-051 3,2002-0 5,HDT 1450
6 1. 200OE-0 5, 1 .500OF-0 7, 1.0 000-09, U. M OT 1470
DATA (NO(1,1), 1=1, 34) / MDT 14*0

1 5.bU0l-03, 5.6000-05, 5j.4002-05, 5;.1002-05, 4.700E-05, 4.5002-05,HOT 1490
2 4.300E-05, 4.1000-05, 3.3 002-05, 3,900E-05, 3.9000-05, 4.1062-0 5,HCT 1500
3 4.300E-05, 4,303,4.5 002-65, 4.7002-05, 4.7000-05, 6.9000-00,HOT 1510
4 9.0000-00, 1.4000-04, 1.9000-04, 2.400E-04, 2. 8 00$7-G01, 3.200E-04,HO1 1520
5 3.1sOOE-Ok,, 3.4'00E-C6, 2.4000-04, 9.7000-05, 4.1000-85, 1.3002-05,HIT 10530
6 4.3000-04, 8.4006-08, 4.3006-11, 0. M OT 1540
UjATA(NO (?,!),11i, 34)/ HDT 9550

I 6.0000-09, 6. 00V~-05, 6.0 000-05, 6.2002-05, (.4000-00, 6.6OOE-05,HOT 1580
2 6.9n00-00, 7.500E0-, 7.9 005-05, 8.6002-05, 9.0002-05, 1.100E-04,HOT 1570
3 1.2000-04, 1 .500E-94, 1.5 006-04, 1.9006-04, 2.1002-04, 2.4002-04,HOT 1580
4 2.8000-04, 3.200c-04, 3.400E-04, 3,6002-04, 3. 0002-04, 3,4002-04,HOT 1590
5 3.200E-04, 7. 93fl0t- 0Q4, 2.0 000-04, 9.2000-05, 4.1002-05, 1 .3000-053,HDT 1600
6 4.300E-06, 8,6022-28P, 4.3000-11, 0. M OT 1610

IIATA(WO(3, 11,1=1, 341./ MOT 1620
1 6.0000-00, 5.4067-3S, 4.9002-05, 4.9000-00, 4.9002-05, 5.0000-05,HOr 1630
2 6.4002-00;, ?,7POt--ZO, 9,0002-05, 1.2000-04, 1.2041-04, 2.1002-04,HO)T 1540
3 2.6000-04, 3. 0007-04, 3.200E-04, 3,4002-04, 3.E000-04, 3.9000-G4,HOT 1650
4 4.1000-04, 4..300'-04, 4.5002-04, 4.300E-04, 4.3000-04, 3.9002-0 4,MOT 1500
5 3. 600---04, 3. 400--04, 1.9002E- 04, 9.2000-05, 4.1001E-05, 1 .3005-05,HOT 1670
6 4.3000-06, .6.00~-S8 , 4.3 00E-11, 0. /MHT t100

VATA(H014,I),11I, 34)/ HOT 1200
1 4.9000-05, 5.4000-05O, 0.6 000-05, 5.800E-05, 6.0002-05, 6.4000-0 5,HOT 1720
2 7. 1000-r0, 7,0000-05, 7.920(-05, 1.1002-04, 1.3002-04, 1.8000-04,HOT 1710
3 2.0000-04, 2 .F00r-04 , 2.1,00F-04, 3.2000-04, 3.4001-'.4, 3.9002-04,HO)T 1?20
4 4. 1602-09., 4. 1000--nL, 3.9 002-04, 3.6 002-04 , 3. 201-F-04, 3.0000-04,HOT ±730
5 2.8000-04, 2.6000-04, 1,4002-04, 9.2002-05, 4.1060-05, i.3002-0)5,HOT 1?40
6 4.3O00r--6, 8 .6002-08 , 4.3002E-10, 0. MDHT 1050
DATA (WO(5,I) ,0=1, 14)/ HUT 1700

1 4.1000E-Cr. 4. 1100-00, 4.1 000-05, 4.30 0E-05, 4. 5000-05, 4.7002-0 5,MDT 1170
2 4.9002-05, 7.012,9.0022-05, 1.6000-04, 2.400E-04, 3.200E-04,UET 12800
3 4. 3006-04, 4.70V5-04, 4.; 002-04, 5.600E-04, 6.2000-04, 6, 200E-GA,HDT 1200
4 6. 2000-04, 6. 0007-9 4, 0.6002-04, 5.1002E-04 , 4. 7000-04, 4 .3000-04,MOT 1800O
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5 3.600--04, 3.209F-04, 1.5 001-04, 9.2001-05, 4. 10OE- 05, 1.3001-0 5,MDI 1410
f 4..30GE -0b, 8, 60or-o 8, 4. 3 ODE-il1, 0. /MD7 1820
DAIA(WD(6,1 ),lI1, 34)/ MDT £830

1 5.4001-05, 5.4001-05, 5.400OE-05 , 5.0001-05, 4.(CrE-05, 4.600E-00,MDI 1e40
2 4.500E-05, 4.900-r-05, 5.?001-05, 7.1 00F-05, 9.0100E-05, i.1001-U4,MOT 1050
3 1.6005-C1.. 1.7001-044, 1.9001-0'., 2.1001-04, 2.4601-04, Z.800E-04,MDI 1850
4 3.20H1-04, 3.5001-04, 3.8 001-04, 3.8001-Oh, 3.900E1-4, 3.8001-04,IIDI 187
5 3.600E104, 3

.40
0

E-049 2.0 001-04, 1.100E-04p 4..§00E-05, 1.7001-05,MDT 1680
O '..000E-O6, 8.600E-0a, 4.3001-11, 0. MDHT 1890

C HMIX(I0=IFHO! VOLUME MIXIN; RATIOS TIMES E+9 FROM EVANS PROFILE NOT 1900
DATA MM~9.010~,.,.,.,.,.,l9202t23303M ig191
17,4.2,5.2,6.0,3.8,2.6,O.2? ,6*0.0/ MDT 1920
DATA (VSS(KKK),KCKI=1,9)/23.,5.,23.,5,.,5.,50.,23.,0.2,0.5/ MDT 19!0
DATA HZ(1)/OOH RURAL /,MZ(PO/iOH RURAL /. -MDT £940

1M7(3)/iON MARTITTHE /,HZ('.J/IOH MARITIME /,N2(15/10H U RBAN /, MOT 1950
2N2(6)/1OHTRCPCSP,4rRI,,Z(?)/IONUSER DEFIN/,HZ(8)/10HF061 (AOV), MOT 1950
3HZ(9)/iJHFOG2 CR0001 MOT 1970
4,HZ(j0)/iOH BACK SIRAt',H2(11)iorH AGED VOL /,HZ1120/IOHFRESH VOL /MDT 1960
5 ,HZt515/19N MET DUSTI / HOT 1S900
DATA S1OSN (1) /IOMSPRIG SUM M/, SEASN (2) /IOHFALL W INTR, MOT 2000
DATA VULCN(IOIIO3MSTPAT OKGR/,VULCN(2)/10H80 VD-MCVO/, MOT 2010

iVULCN(3)/1OHFR VO-HIVO/,VULCH(4O/iOHAG VO-MIVO/,VULCM(5)/IOHFR VO-MOT 2020
2MG VOl NOT 2030
HMIX(29)z1.C-E-50 NOTl 2040
HMIX(9) 'HMTX(201 MOT 2050
Mi (13) =17(1±) HOT 2050
HZ Ci4)=HZ(12) MOT 2070
RETURN MDT 20eC
END MCI 2090
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SU9RCUTINF 6S"DL NIH 10
C NSM 24
C USED FOR USER DEFINED ATMOSPHERIC MODELS (HODELt0OCF 7) NSN !0
C DEFINES ALTITUDOF )FDFNOENF VARIBALLI Z,F,T,SIH,WC ANC PAZE NIH '.0
C LOADS HAZE INTO AOPROPROTE EH LOCATION NIH so
C HIM 60

commcrN /CARDil MODELTHAZ7E,flYPELFN,JP,II',MI,MZ,HJ,HL,IEMISSIRO HIM 70
I ,T8OUNO,ISEAOtN,IVULCN.VIS NIP- au
COMMON ICA0C21 HI,HZ,ANCL% RANGE,EETAHMIN,RE HIM 90
COMMON /COPFI/ VI,V?,OV,0VN,CO,CW,W(iI),E(tS),CA,FI 14 H 100
COMMON iCNTRLi LE4ST,KMAX,H,IJ,J1,,J2,JMIN,JEXYRA,IL,IKMAK,NLL,HFI VIH 110
1,IFINO,NL,IKLO tNIH 120
COMMON /140811/ 7('4),F(7,3'd,T(7,!4),WH(?,34),NO(71,4) HEM 130

1 ,SEASNI2?kVULCN(r)),VSB(9),117(15),HMIX(34) NIH 140
COMMON REt'-UM(34),HSTOR(3.) ,CH(15,3'.) , CH(S) ,VH(i53 1TX(15) NSH 150
COMMON HLAY(Zli,1S),WPSTH(68,15),TOBV(68) NIH 160

COMHON APSC(4,40),FXTC(4,t4O),VX2(40) NIH 170
F(A)=EXP( 18.9766-14. 9E95*A-2.43682*A*A)*A NIH 180
RV=4.SISOE-3 NIH 190
TOZ?73. 15 HIM ?00
101=1 NSH 210
N=7 NIH 220
1F(IVULCN.LE.'U) IVULCN:1 NS" 230
IF(IIEASN.LE. 0) ISEOSNIt NSN 2480

C FOR MODEL Er ZERO HIM 250
0H1=8iO NIH 260
ISEAO,±0 NIH 210
IVULi=0 NSM 280
VISI1=0 NIH( 290
AMAZE=0. HIM Z(0

C END OF MCCIL 7ERD DEFAULT NSH 110
IF (M.NEO.) PRINT ill HIM 320
00 65 K=1,ML NIH 330
AHOL=ION NIH 340
AHOL1=1ON NIH Z50
hHOL2=1OH NIH 360
AMOL3I=H NIH 370
IF (H.FU.fl) READ F5, MI,P(T,1),TMF,DP,RtHMW(7,K),HO(7,K),RANGE NIH "t0
IF (M.E9.O) PPINT 110, H1,'(7,1j,TMFDPRII,WH(7,K),WI(?,K),RANGE NIH 390
IF (H.GT.O) READ en, ick),PtI',K),TMPOP,RH,HH(?,KIWD(7,K),AHAZE,VNSN 400

iISIII. tAI, 11681,IV'It1 NIH 410
IF (M.170.O1 7(K)=LI1 NIH #- 20
PRINT 95, 2(K),P(',K),TMP,DP,PH,WH(7,K),WO(7,K),AHAZE,VISII1HAI.IINIH 400

1F01,IVULi NSIP 440
C IHAl IS 11112£ FOR THIS LSYER NIH 450
C (SEll IS ISEASN Fr3 THIS LAYER NS H 4(0
C IVULI IS IVLLON '35 T14E L0~tR NIP 470

IF) 11CM, EO,0) I1h1il=ISEASN NIH AiSF
IE(IHA1.GT0.O0RIVUL1.GT.)) Go To 10 NIH 490
ITYA ER= I H1AZ7E NIH 100
IF (7(V).GT.,O~) ITYAEP=6 NIH 510
IF (7(KI.GT.

t
.0) TTYASR'ýIAULCN49 NIHr SlZO

IF (7?(K). CT, 3:.) 1ITY VRJ.5 NIH' 530
IHAI=IHA7£ NSH 540
IVULIIIVULCh NIH SEQO
GO To 19 NIH SE)

10 IFl IVUL1.GI.O)ITV0FP=TVUL14Q NIH 570
IF(IHAI,1.8Tf) IOYIQEMIHAI NIH 0 80
IF(OTYAEP.GT.1Rj) I'YAcR=I5 NIH 59C
IFUIHAI.Lr.C) IWAt=IHIOF NSMH 0 0
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IF( IV ULI.LF.C) I VUtI '-I VUL2N Nsm 610
15 IF (K. E70. 1) GO TO 2' NSH 620

IF(N.FO.Y.ANO).ITY0EP.FO.5.AND.7(K)hGT.2.O) GC TC 17 NSH EM0
If (IT YAER .ErhI CH(! 1C )) Go To 20 NI P t'40

1? IC'I= ci+1 NSH 650
N=I~i+±0 NSF 660
IF (TCILF.4) Go to 2nl NIH f870
001=94 NIH 680
N' 14 NIH 690
ITYAFR=!CM (IC!) NSH 700

20 ICH(ICI)=1TY010 NSH 710
J=IFIX('7(K)+1.CE-5)+1 NIH 720
Ir (7 (K1).GF . 2. 0) J' ( 7(M- 25.0() /5. 0+25. NSH 7Z00
IF Q(?().GC.5C.O) J=(7(K)-5L.01/?C.5+21. NH~l 740
IF (7(K).GE.'C.

t
) J:(7(K)-70.U)/30.G4!2. NIHO 750

IF (J.GT.'31 J=33 NIH 760
FAC:7(K) -FLCAT d-I) NIH 770
IF (J.LT.?61 SO TI 25 HIM 760
FAC= (?fVK) -5 .0VFLOA T( J-26) - ?5. )/S. NSM 790
IF (J.CEF. it FAC=(7IK)-50.G)/20. NIP 600
IF (..72) FAC=(7(K)-70.0)/30. NIH 810
IF (FAO.CT.1. C) FAr'1.0 NSH E20

?5 L=J+1 NIH 800
T(7.K)=THF*T0 NIH 81,0
IF HIjT.fl) r(7,K)=P(MI,J)*(F(Mi,L)/F(MIJ))#*FAC NIH 850
IF (MI.CT.0) T(-,K)=T(Ml,J)#(T(M±,L)/TOHi,J))U4FAC HIM 860
IF (HZ.GT.0) WIJ(7,K)OWH(N2,J)

4
(NH(M2,LI/WHHM2,J))'*FAC NIP 870

IF (WN(',K).GT.0.') GO T0 35 NIH 100
IF (RH.Gr.Ot.0) GO T3 30 NIH 890
CPI'T0+flp NSIH SOO
TT= TO /OP NIH 0±0
W8C7,K)=OPK'F(TT)fT(7,K) NIH 020
Go To 'S NIH S20

30 TA=T0/TC7,K) HIM 9140
RNSAT=F(TA) NIH SSG
RHO=. OURH NIH S(0
ON=(I.0-(l1.C-RHO) R4I0T-RrU*7,K)/P(7, K)) NIH 970
WHL7,K) 6N161'*RHD/O6 NIH 980

35 CONriNIF NIH Sq0
IF 0H3.GT.0) WO(7,KI =WOCH3,J)*(WO(H3,U)/NC(H3,J))--FAO NIH 11(0
HSTOP(K)±T. WIP 1010

IF(HHTY(J) L.LF.O.) CC TO 4.0 NIH 1020
IF (WNIKCIL)LE.C.) GO TO040 NSM 10 30
HSTDF(K)=H'411(j)'(NWIXCL)/HMIX(J))

4 4
rAC NIH 1040

40 CONTINUE NSM 1050
EH(T,Kt)=O. NIH 1060
EH(12,K)=S. NIH 1370
EH(12,K0=r. NIH 1080
EH(th.,K)'r. NIH 1090
EN I 0%K) =1 NIH 1100
IFIIIA-'7.EQO.) GO Tn 60 NIH 1±10
IF CVI~i.LE.0.0) VIS1=VII NIH 1120
IF (AHt7F5O-f.(O0 GU '0 4-, NIH 1130
EH(N, K)=AHA7E NIH 11'.0

C AMAZE ISITN LOWTOON NUMPFU PENSITY UNITS NIH 1150
6CO TO 5q NHE 1160

45 CALL AEIPPIF (J,VJS1,HAZI,INI±,lSEAi,IVULI,NN) NSH 1170
CALL AF"PPF (L,V131,HAZi,IHA1,ISE01,IVUL±,NN) NSM 31(0U
HAZE=D. NIp ±150
IF C(HA'1.LE.'.fl).OP.(HAZO.LE.C.0)0 GO TO 50 NIH ±20
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HA7EýHAZ11(FA22/HBZ1)**FA, NSM 1210
50 FH(N,K)=r076 NIH 1220

55 AHOL:NlýIXYAEF) NSM 1230a
IF (AHB

7
E.HE.V.) GO TO 60 HIM 12k0

IF (Z( K) O.? .0) kHCLlrHZ(I1111) HMs 1250
IF (7K. a.) NO7(.E3.)ANOL2=SEASN(IIEAI) HIM 1260
I r (7?(K). GT.9. 9) 01131 A=VU..CH( IVOJLi) NIH 1270

60 PRINT 95, 7 (K),P (1,K) ,T(7,K),OF,RFWHH(77,K)IWO (7,K),EF (HK),IV ISIII-NIM 1280
IAtISEA1,TVU;LI,ITYAER,AHOLI,AHOL2,AHOL3,AHOL HMSp 1290

65 CO NTfI*J E NSM 1250
IF (ICI.LT.4) Go TO 75 NSH 1310
IC2= XCil tj M 1320
00 70 K=IC',4 NIH 13!0

70 ICH(K)'=ICM(K-1) NIH 1340
75 CONTINUE NIH 1350 2

RET UFN NSM 1300
C NIH 1370

80 FORMAT (YFln.a,?FS5.1,?EIO,3,EiO.3,F7.3,311) NIH 1300
85 FORM4AT (3Fl0.3,?F'.1,1E10.3,2F10.3) NIH 1390
90 FORMAT (ITX,2fHINPUT METEOROLOGICAL OATA\/IOX,2H12,F7.2,TH KCM, P=,NSM 1i'00

I F7.2, 6H MP,T7=,PN;.t15MO C, PEW PT.TEHP,F50 1,1TYH CI REL NUMIOITYZ, FSNIH 1410
?1.1,IFH %,, H120 OENI!TY=,1PEO-.2,TH GM M-3/i0X,15N OZONE OENIITY=,Eg.NIM 1420
32,16H1 G4 "-1, RANE-,OFF1O..3,411 KM ) NIH 1430

S5 FORMAT 03F10.5,2fS;.1,3E10.3,F10.3,413,4(IX,AIO)) NSM 1440
100 FORMAT (24H1 MODEL ATMOSPIEM? NO. 7,/4X,SNZ ((CM) ,3XSHP (Me) I,4XI4ONSM 1450

1MT (C) DEW PT V'11 HZO(GM.M-3) 03UM.lAM-3) NO. OEN.,'30X,iSNAEROICL HIM 1460
2PROFILE,OX, IONEXIINCTTON) HIM l',70
ENC HIM 1400
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Table Al. 'Listing of Fortran Code LOWTTIAN 5 (Cont.)

SU5ROUTINI: PPROF HE;R In
C REVISED 12 DEC 1979 HER 20
C DEFINES THE ATMOSPWRIC D:NSITY PROFILE OF TEH PECLECULAR AND HER 30
C AEROSOL AM4OUNTS -00 THE MODEL SELECTEO HER 1.0
C MprS 50

COMMON (CAROI/ MO)EL , IHDZE tITYEE, LEN, JP,IIý,.M1,M2,M3,ML, IEMISS,R0 HER 60
1 ,T8OUN0pISEAsN,IyULCN,VI3 HER 70
COMMON ICACP21 ME,N2,ANGLI-,EANGE,OETA,HMIIN,RE HER 80
COMMON ICARC31 V1,V2,CV,AVW,CO,CW,W(15),E(150,CA,PI HER 90
COMMON /CNTRL/ L;NST,KMAX,M,IJ,Ji,J2,JMIN,JEXTRA,IL,IKHAX,HLL,NEI HER 100
t,XFINO,NL,IKLO MPR 110
COMMON YMDATA/ 7(34),E(7,34),T(7,34),WH(7,34),WO(7,!4) HER 120

I ,SEDSN(?),VULCN(;), 050(9) ,HZ(15) ,HMIX(34) HER 130
COMMON RELHUM(34),HSTOR(34) ,EH~i5,34) ,ICM(4) ,VH(15) ,TK(i5) HPR 140
COMMON NLAY (34,15) ,HPATIUBS ,is, ,TBEY( ES) HER 1.SV
COMMON ADSr(4,40),EXTC(14,'.0),vx?(40) HER 1M
F(Ap=E%0(1#.S764,.i6.55SS*A-2.l,3082.A4A).A HER 170
D0 5 71i,74. HER 180
C0 5 .Jz1,k;100 HER 150

5 WLAY(I,J)=0. HER 200
C RV H20 GftS CONSTANT HER 210

AVW=0.5!-"* (01482) HER 220
AVW=AVW*A OW HER 230
CO'T7.46.. 459-AVW MPR 240
CW=1i.3.k7-0. 347"A*VW HPR 250
IF[TPOUNO.LE.C.AN~M1.(.LE.0.OR.M.ED.TH)TUOUNDZT(P,1) HER 260
IF (TEOUND.LE. IhAND.MI. GT.O.ANO.M.LT.7) TIJOUNO=TIMi, 1) HER 270
IF (.JP.F0.0) PRINT L5 HER 280
IF (JE.EO.0) ER!NT 50 HER 2900
IF (N.LT.') ML±NL HPR !00
RVm4.615OF-! HER !j0
CO zs I-±,ML HER 220
P5Ep(M,I) /I103, HER 730
TS:213. 15/T(M, I) HER 740
WTEMP=WH(N, I) HER Z50
IF(H1.GT.0.ANr.M.LT.7)P`S=' (MI,I)f101 3. HER 360
IECMiGT.0.AIJC.M.LT.7) TS:273.15fT(MI,I) HER 370
IF(MZ.GT.0.AHDM.LT,7) NTEMP`-WM(MZ2,I) HER sa0
REL HUM (I =n. HER Z90
IF (Z(I).GT.2.0) o, Tfl 10 HER 1400
RMOSTRt(ES101l~3.0) (T;/2T3 .15)/RV HER 410
RELMUM(I)=lrjC.P*OWTSMP/F(TS1) *((RHOSTR-F(TS))/ (RHOSTR-WTEMP)) HER 420

10 Ot0.O*WTFMP HER 430U
X:PS-TS HER 440
PT:ES-SQWT (15) HER 450
EH(1 ,I)'flPT--0. HER 460
EH( 2,1) tX#OT#0. T5 HER &70
EH(4,I)=0.R*'PflX HER 480
EPW=4.96-5'C127

7
.15 /15 HER 450

TS1(?9%ý,0t27?.15)-TS HER So0
HER 510

EH(i0,I)=D*(PFW4O0I2'(PS-PPII))-EKP(4.56'CTSZ-1.0)) HER 520
OH (6, I)= HER 530

C SUBRDUTIHF OAqPRE COMPUTES EH(7,I) HER 540
C EH(7,I)=ArRSODL FO' 0-7KM HER 55a
C EH(E2,I)=AEPS;OL PO 7-9K4 HER 560
C EHI13,Tl=DEESCL FOR 9-3OnK HER -570
C EH(14,I) =AIASýCL FOP 51-IOOKH HER 5e00

IF (M.N
1
.') CALL AERERE (IVIS,HAZE-,IHAZE,IFEASN,IVUýLCN,N) HER S50

IF (M.EO,.7) GO To 1' HER EDO

260



Table Al. Listing of Fortran Code LCWTRAN 5 (Cont.)

EN( 7,11= 0. NY'S E61
THY 12,11 =0. NY'S 620
EN(13,I)=0. NY'o 630

rH-i (5qI =0 * tPS 650
EN(N,I)=NAZE NY'S 660

15 CONTINUE NY'S (70
EM~it,! l=RELNUM(I)'!N(Y,fl NYPS fog
IF(ICNI I) GT.7)EW 5,1I) =RELMIM( I) OEN(1I2ZI) NY'S 690
EN(8,I)=46.E6E7*W)(M,T) tips 700
IF (MJ.GT.0.ANO.M.LT.7) E-l(8,I):46.667*NO0(M3,I) NY'S 710
ENI3#I)=EH(?,I*PT-0.4 NY'S 120

r EHIII,T)=HNO1 ARSJRSE
0 

AMOUNT I(ATM-CM) / Kd MY' 730
EH(11,I):cPSfl!NHMIX(VI).OE-04 MY'S 740
IF (M.FQ.T' EHY1l, !)=*STS

4
NSTOR(I)1. OE-04 NY'S 750

EN 9,1) r1. *P a N'S70
PREF=1.3]F-f(-*CO-X'103.0/273.i5-PY'HCW) NY'S 770
IF (I.EO.ML) 6O TO 20 - PR? Te0
Q2'Y'(M,!4jl MY'S 7S0
T2=T (N,I'1) NY'S 10(
112=NNCM,Tt ) NY'S 010
IFUMi.GT.O.ANC.M.L1.71 FZ:P(N1,1t1) NY'S e20
IF EMi.GT.0.ANO.MLT.') T?'TCMi1,t1) NY'S 030
IF (NZ.GT.O.AND.M.LT.') AI2=NMM2,141) NY'S 040
PPW=4.56E-6N7*T 2 NPR 050
EN(S,I)z0.5,(Y'EF41.OE-64(iOY'2/T2.CPW4Otd) IP N AS EG

20 IF (I.En.141) EN1R,I)=1. NY'S 870
IF (JP.NF,0) GO TO 75 NY' Sa00
PI'Y'(M,I 11R NY' s0
TI=T MIN,) NY' Stu(
IF(Itl.GT.0, ANO.H.LT,7) 'Iy-P(iN,3I NY'S 910
IF (MT.GT.O.W.JIM.LýT.71 Tj:T (Njj) MY'S 920
PRINT 43., 1,7(1),i1, Tit,(EH(Kit),Kzi,61,EHC9,IlE'I NMR 9S6

25 CONTIJNIIF P 910
IFIJP.E0.01 MW'TE (s,953) MY'S 950
D0 35 1=1,4L NY'S 96e
IF IJP.14E.0I GO To 70 NY'R 570
P1= P (N,I) NY'S 900
T1.T(M,Il NY'S 990
IF(Mi.GT.t.ANC.Ii.LT.7I PI:Y'(MI,I) NY'S 1000
IF(MI.GT.0.ANC.M.LT,") T1=T(Mi,I) NY'S 1010
PRINT 40, I,Z(II,01,TI,(EN(K,I),K:10,11IEN(Tf,II,(EM-(KIIK=t2,t51NY'S 1020

1,RELH-UMCI) HiSY 1030
30 EH(9,I)=EI(9,Il 41. NY'S 104.0
35 CONTINUE NY'S 1050

RETURN NY'S 1060
c NY'S 1070

40 FORMAT (14,flYF9.2,FS.5tF9.3,IX,1Y'OEIO.3) HY'S 1000
45 FORMAT (1M1,///1OX,ZON HOR17ONTAL PROFILES/) NY'S 1090
50 F ORPMAT (LM IC,SX,

t
HALT,6X ,1NP,0X , iIT,06X, 3N20, 6X,4HCO2t-,0X,2NO3,ONPSR 1100

11 ,2HNFJ,SX, AI-I'ZO(IOMI ,4X,49MCt$,5X,5H(N-i.t) 45, 64](UV,)0 NMPH 1110
55 FORMAT (1N1,//(lVY,?ON HORIZONTAL Y'SOFILESI,4i- IC,EXJNALT,A-XIIFNY'R 1120

1,8X,1HT,5X,?1012)(44).FX.4NNNO2,SX,4NAERI,6,X,SNAEP2,61,4NAEN3,6X,,4HNYR 1120

20054, 3W,9141 tEIRN) ,-TX,2NRN) NCS 114n5
END MY'S 11ý0
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$UBR OU~T TF PER PRF (),V IS,NHA ZE ,IHA2EISE ASN, I ULCP.,N) AER 10
c WILL COIPUTF KORI7ONISL. PROFILES FOR AEROSOLS AER 10

CO'IHON/PRFOTA/7HT( 14),H27K('4,5) ,FAWISO(34) ,FAN12313&.),SPSURO0(3i4i,AER 30
15P5U23(!4) ,FASTFW(34),VUMDFN!34),HIVUFWn4) ,Ei(VUFhd!?4),RASTSS(34),AER 40
2VUP4OSS(341,HI'3IJSS('44),EXVJSS(34),IJPNATM(34),VUTONOi(3I), AEA r0
3VUTOFX(5i4),FXUPAT(lb) PER EO
DIMENSION VS(-) PER 10
rATA P4(),~,)/0 2.,0 '.,. ER 80
HAE'0. AEPF 9v
CALL PRýFDTA AER 100O
N= 7 AER 110
IF tIH0Fl~.~.O.) RETURN AER 120
IF C ?IT (I).G T .2, 0) GO TO 1'3 tEN 1!0
no 5 J="' PER 14.0
IF (VIS.GE.VS(Ji) rCO TO 10 AEN 150

5 CONTINUE AER 160
J=5 tER 170

00 CONST=l.,C1./VS(J) -1.'vsuJ-in tER 1O0
HAZE=~CONS:T'((F~Z2KCIJi-H"<(IJ-1)l/VIS.HZ2K(I,.J-1)/VS(J)-MZ2K(I,JAER 190

ti/VS (J-t)) AE R 2.00
RETURN AER 210

15 IF (7TI GO TO 35 AER 220
N=12 AER 230
CONST=1./ 01./23.-i */50 ) AER 24C
IF (ISFASN.f.T.i) r.O TO 26 PER 250
IF CVIS.LF.23.) H0Zr:SPSU23iI) hER 2eo0
IF (VIS.1E.23.) RcTUPN AER 270
TF (ZHT(Ii.CT.4..0) CO TO ?0 AER 2e0
NAZErCQNSr#((SPSU,21iI).SpSUc0(I))/VIS÷SpSU50(I)I.2,.-SFSU23(I)/50.)AER 290
RETURN AE:Q, 300

20 H-AZE=SPqUrI(I) hER 310
RETURN LEA 320

25 IF rVIt.Lr,23.) HOZE:FAWIZ3(II AER 130
IF (VIS.114!7.) RETURN AER !' 30
I F (ZNT (I I .fT .4,I0) r 0 T~l h ER 3sO
HAZE=CoNST#((F44123( Ii-FAWIROCI)) /VISIFOWOSO (1) 23.-FAWl23CI)/S0.dAER 3c60
RETURN LER 370

30 HA7F=FAWII;0(Ii AER IO0
RETURN PER IS0

35 IF ( 7HT (IiGT .30 .0) GO To 7~ AER 400
N=i13 AEN 410
HA ZEP=ASTCSF(I) LER 420
IF (ISEASNq.GT.1) ;u Tn 55 hER 430
IF (IUC HO0 A?E=RASNSS(I) AFN 440
IF (IVULCN.EQO.) RETURN LEZ 4150
GO TO (,4.or,5,IVULCN LEN 460

40 HAZE=RAS;TSS(I) AER 410
RETURN PER 480

45 HA ?ErVIJHOFS (I) AER 490l
PETURN LEN 500

'30 HIA?E=NIVUSS (I) AER 510
NEIlURN AEN 520

55 IF (IVIILCN.EO.01 0$AJFZNASIIWdI) LEN 5,30
IF (IVULflt,.EO.I1) RETIJPN hER 540
GO TO (60,6%,70,7'1,65), IVULCN LEN 550

6I HAZE=BRASTFW(I) hER 560
RETURN AEN S70

65 F1AZE=VU'4OFW(T) PER 560
RETURN AEF 5S0

70 HAZE=NIVUFWiI) LEN 600

RE TURN hER E10

75 N=14 AEN 620
5'IF IIVULCN.CT.1) GO 'TO 00 AEN Eýi

NIZErUPNATN(I) AEF 640
RZETURN AEN F650

80 IIAZE=VU TONO(1) AER 66C-0
RETURN AER 670
END LEN 680
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ELIFCL1INE FRE1lA FFF it

C REUXOEL It .JLNE J560 FRIF 20V
c AERCSOL 11(1110 CA76 PIP it

C 11 140
C(ti'CP,/PRIClI-1 ý134).F2I-21(34,5) ,FAhISO 134.) ,FAfr23 (24),SPSUSC (341,111 S0
1SF1U23 (34),EI01FW 34),VLr4c~h(341 ,t-ILFh(3'.1,lflIF 134) ,EASTSI(.*),FII El

2~t85S 34)9-1L!534)E)VSS(4),FP''0I(34 ,V1CNE343, FF 7C
3VtLCEX(34),EILFUO (34-) FFF 80
CI28A(IT(i) .1:1, 34)/ 1FF SE

9. 0 C., 11., 2., ., 14 t., !.. If., 1., ., 1FF 11C

18., IS., 20., 21., 22., 23., 24., 2t., 30.. 111 120
S5., 440., 45., 50., 7G., 10..%S5/ I 130

C818 4 H422Ff 1.13 'I: 1, S)/ F6F 140
1 (.620-02, 1.t80-01., 3.79E-01, 7.701-01, 1.540400/ 1FF 15C
081 A 4 ( H 2201 2.1) I= 1. EU FF IE(16

1 4.15E-3, .1-02, 3,79E-L1, 7.7GE-01, 1.i4040(1 FPE 110
DATA 4 (Z2204 2,1) ,(= It el/ 1FF 180
i 2.001-02, 0.'210-02, 6.21E-02, 6.211-02, 0.21E-(2i FRFI1S(
CA1A(FAWISO(1]).1= 4, 10)i 1FF 200

1 1.141-02. 0.43-1-03 4.e50-02, 3.541-01, i.Z11-03, 1.I.I-02, 1FF 21(

2. 5.801-04/ 1FF 220[
CP1A(FAW123(13,1= 4, 10)/ FRE 2.'E

I ;.72E-02, 1.2OF-C2, 4.65E-03, 3 .54E-03,. 2.210-03, 1.AIO-03, 1FF 241
2 E.8F-04/ 1FRF 2!0

CA1WF0SU5 ()I' ) 0 10)/ 1FF lEt
1.460-02, 1.02E-(2, 9.21E-03, 1.711-0!', t.i21-03 2Z 1-3 FF1 27f

2 1.820-03i FFI 200
OiTiiiSf:SU23ifl,i" 4. 10)/ F;I Z50

I 3.4EE-02, 1.851-02, 9.310-01, 7.710-0!, 0.230-03, 3.27E-03, F91 !CC
2 1.820-03/ FRE 310

0)A1A(EASIFhII),1= 11, 27)/ F5F 3,2C
1 7.87E-04, 7.14E-f4, 6.E40-04, 6,23E-04, E.451-(. .2-4, 1FF 230C
2 E.41F-04, f.001-04, 5.62E-04, 4.510-04, 14.230-E4, Z.521-04t FRF 24C

3 2.95E-04, Z.L26-t4, 1.500-04, 1.000-04, 22-C/FAI 350
CItA(VtM01411I.I 1 1, 27)1/FF 1, t60

I 1.28E-03, 11 -(,2.21E-03, 2.75E-03, 2.ES1-03, 2.52E-03, 1FF 17C
2 2.73E-03, 2.401-t3, 2.10E-039 1.711-03C 121-3 1.050-02, 1FF 280E
A I .00004, 0. 0000R, 15.15E-04, 4.0S0-CM, 7.6 (6- 0/ FF1 3S0

ED1A(lIULFI.l1),I =11, 211)/ 1FF 4(1
1 1.71E-03,230 3, 3.25E-01, 4.52E-02, t.ACE-(3, 7.E1E-03, FFF 41E

2 i.42E-03, 1.071-02, 1.100-02, 8.(003 01(-02, 2.711-029 1FF '20
21.410-03, (.ýCE-t4, 5.100-04v 4.056-04, 7.t(0-05/ FRE '20
UWAlA IE FVUFhýI II),1 11, 27 )/ 1FF 440E

1 1.71E-3 .1-03, 3.25E-03, 4.020-03, 0.400-03, 1.010-02, FFF 450
2 2. 35E-02 , 0.101-02, I.EGt-ui, 4.U0E-OZ, 5.100-03, 3.J131-03, 1FF 460

1 1.4E0E- 03 , f0.0C - 04 , 5 .8E01E-04 , 4 .0C90E-04, 7.t01-(5/ 1FF 4 70
C)1812851S4S~1),I= 11. 2713 IRE 480

1 1 .14 E-0 3, 7 . S f-0C4 , 6.411-04, 0.17E-04, E .L-0(4, 2 . S E- 04, FRI 450
2 3 .8 2E-04,q 4.250-04., 5 .20E- 04, e.61E-04 .- 0t4, 0 . 021-04, 1FF 500
3 A4.200-04, 3 .0C[- 04, I1.98E- 04, I1.31E-04, 3.22E-C5t 1FF 51&
DAIAIVMOSSII),3 11, 27)/ 1FF 520

1 1 .85E-03, 2 f 121-03 2.45E-039 2.E000-03 c.k51-03, 2- 521-03, FF1 53C
2 2.7 3E-0 3,jL(E-13 ,2.10OE-039 1.71E-03, 1.351-(3, 1.050-03, 1FF 5 ;0

3 e8E60E-04E 0.00-0C4, 5 .15E- 04 , 4.CSE-04, 7.061E-00Eo FF1F 550
DATAHl-IVIJSSIO ), ]=1i, 271/ FF1 S (t

1 1. e51-03, 2.120-03 , 2 .450'-03t 2 .80E-03, 3.001-03, 5,.231- 03, FF1 570
2 f.111E-03, 1.201E-12, 1.5t21-02, 1.53E-02. 1.171-02, 7.CS1-03, IRE 580C
34.500E-03, 2.140F-0E3 ,1I.2 80E-C3, 7 .7E1-I4, 7.0f00-05/ FF1 590

C1AIAEMvLSS 1),1= 11, 273 FF1 600
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1 1.865E- 01, 2. 12F0-3, 2. 45E-03 , 2. ODE-O 3, 3. 6CE-03, 5.23E-03, PRF F:10
2 8.110-03. 1. 27E-02, 1. 320- 02, h.. e856- 02, 1. DOE- 01., 5.501E-00, PRO 620
3 6.1DOE-1, 2.40E-07, 1.281-03 , 7 .76E- (4, 7.6CE100/ PRF 630
DATA(IJPHATM(I),Ir 2?, 3101 PRF 660

1 3. 32E-05, 1. fisT -05, 7.99E-06, 4. OlE- G6, 2. 100-06, 1.60 E-0O 7 PRF 650
2 9. 311-12 'o PRO 660
OATA(VUTCNOI1),I= 27, '34)/ PRO E610
± 7.600E-DO, 2. '5)F0-DO, ?. 99---06 , 4. DIE- CG6, 2.10CE- 06, 1 .601E-0 7, PRO 680
Z 9 .31E-1 0, 0. 1 PRF 690
DATAIVU'COEX(I),I= 7?7, 341/ PRO 700

1 7. 60E- 05 , 7. 20 -0D5, 6.151E-05, 6.60E-05, 15.04E-059 1. 13E-05, PRF 710
2 4. 50E-0Or, 0. /PRO 720
OATA(EXUPAT(I),Tr 77, 341/ PRO 730

1 3. 32E-05 , 4. 25F -q, 1ý.59E-05, 15.E0O- 05, 5. 04E-013, 1.03E-05, PRF 740
2 L.506E-0?, 0. /PRO 75!0

CCC 0-2KM PRO 760
cuc MZ7 9t5 VIS PROFILE S- SDKM,23KM ,I10KM , KM ,2KM PRF 770
ccc 3 bRKHW PRO 700
CCC FBWI5V=FALL/ WINTER 50KM VIS PRO 700

CCCPA IW17!?ALL /WINTER 23KM VIS PRO S00
Ccc SPSL50=SPR14G/SU44ER~ 50KM VIS PRO 810

CCC SPSU27=SPRXNG/SUM'1ER 23KM VIS PRO 820
ccc '9-?qKM PRO 830
Ccc 9kAST!ý=±A"KGCROUN0 STRATOSPHEPIC F511/HINTEP PRO 840
CCc VuUNCF=NCrFR0TE VOLCANIC FALL/WIN1EP PRO e-O
ccc HIVUFW=NISI- VOLCANIC' FALL/WINTER PRO 860
ccc EXVUF4zEXVREMF VOLCANIC FALL#'FINTER PRO 070
CCC DASISS,VUlCSS,NIVJSS,EXVUSS= SPRING/SUrOPER PRO 880
CCr. >30-i0flKM PRO 800
CCG UFNATtoNORMAL UPPER ATMOSPHERIC PRO S00
CCC VUTCNC:-TRANStIXON FROM VOLCANIC TC NCRMAL PRO 5ý10
CCo VUTCE )(TRPANS TTION FROM VOLCAN!.C TO EXTREME PRO C20
CrC FO3UPA1'EXTRFME UP'FR ATMOSPHERIC PRO 950
uCC READ IN CERUISCI MUPELI EXTINCTION ANO AL4SURPTIUN IJUEOFICIEN1S PRO 'T 40U

RET URN PRO 950
END PRO 960
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S1UBROUTTNE GEC CEO 10
C CEO ?0
C SOHERICAL GrOHETRY WITH RIFRACTIO1N CEO z 0
C DEFINES A"SflRPER AMOUNTS POP THE ATMOSPHERIC SLANT PATH GCE 4.G
C USED JO SET UP VERTICAL PROFILE ARRAY VII AND DEFINES MATRIX CIEO 50
C HISY, F7OR USE IN SU

0
RCUTINE PATH GEO t0

CE TO 7
COMMON /CARTI / 40OFLI HAZE ,ITYPE,LE.N,UPIMPIIpM2,MTML, IEMISS, FO CEO 80

I. ,T8OUNfl,I0ý1BSN, IVULCN, VIS GEO qO
COMMON /CAQ112/ HI,H?,flNCLTPANGE,EETA,HIIh,RE GE0 100
COMMON /f-AQC3/ VI,V2,OV,AVW,CO,CW,14(S1I,E(15),OA,PI CEO 11t
COMMON /CNTFL/ LtNVzTOMAX,MIJJI,J2,JMlN,JFXTRA,IL,IKMAKNLL,NP1 GCO 120
1,IFINONL,IKLO CEO 1,10
COMMON fMoATA/ 70 .1 ,

t
(7,3d),TU,348,WM(?,IL),W007,34) CEO 140

I ,EASI7,ULCIYSBOII(15WMEI4 EO 150
COMMON RELIIUMC(14), HSTOR(314 1EHC(IS, 34) ,ICII(4),VH (151,TX1 15) CEO0 160
COMMON WLAYf34,10;),WDATII(58,i5),T0IPY(68) CEO 170
COMMON ABRSO(4,t40) ,EYT C(4, 40),VX2 (4 0) CEO 180
.JS T OF =5 C EO 190
.JCXTRA±0 CEO zoo
!F 1IIPE~) CALL ANGL (H1IHZANGLFSEIALENSI H,NL,RE,PIML) GEC 210
IFINc=O GCE 220
LEN=LENST GCE 230
IF (TTYPE.EC.1) G3 1O 20 GCE 240
00 5 K=I,KMAX GCE 250

ENOK t'0 0 CO 260
5 CONTIN0UE CEOý 270

JET A'0.1 OCO 220
SRr 0.0 GEO 290
IP=D 0 EO 300

c NON 00 PINE CENISTBNT PRESSUFE PATH DUANTITES EE(il-t) CEO 310
Y=CA-ANGLr CEO Z20
IPHI' SIN U) vEC Z2U
P1= IRE+H14)-PIII CEO 340
IF (FHl.GT.ZCNL)) I 0 Tfl 10 CEO 350
00 TO 20 CEO 'E0

I0 X=(REY7(NL))/(RE*-1I1 CEO 3 TO
I F ( S PHI .GT 00) r0 TO15 CS EO 380
HII 7(NLI CEO 390
JIýNL CEO 400
SPHIZSPHO /x GCE 410
ANCLF=IS0 .9-AýTNCS.P4I) (CA CEO 1420
Rl'(REIHi1*SPHI CEO 430
Co To 2n CEO 440

1.5 HMIN=RI-RF CEO) 450
PRINT 215, HMIII CEO 4EQ
Go TO 210 CEO 470

?0 CONTINUE CEO 480
Ip'j I EO 4S0
XjIIHI CEO 500
CALL POINI ¶H1,VN,N,NPi,Tj) CEO SIG
J1=N COO 520
TX1=TK CS) CEO 530
no 2s X:1,KPIAY GCE 5140

2b FIK)rTY(K) CEO 550
IF (ITYPE.EC.i) G0 '0 8C GEO 560
IF (ITYPE.EC.Z) H2='(NL) CEO 570
IF IANCý. CT. 50.0) 50 TO 90 CEO 580

73 IF (ANCL.r.T.80. 0. A4O.NPI.CT.A) JIrJif-i CEU 590
J2'EL EO 660

165



Table Al. Listing of' Fortran Code, LOWTRAN 5 (Gouit.)

IF (IT-rP.EC. ') CO To 11, GCE E10
CALL POINT (H2,YN,N,NP,IPI GEO 620
JZ=N CEO 630
IF (NP. CT. 0) ,J7ZJ7?-3 GEC 640

35 00 40 K'i,K-AlX GEO 650
IF (K.TO)., -) C To 40 CEO 660O
EH (KJI )=P (KI CEO 670
IF ( I T¶F. F C. I) cj TO 40 GCE 660
EN(K,J7*1)rTX (6) GEO 650

40 CONTINUE CEO 7 (0
IF (J1 .EO,.JP) TX I ýTA(I YN-F H(9,J1) GCE 7 10

C-- NOW OCFINF \mRTTGflL rATH QUANTITIES VII CEO 120
IF (JP.EC.CI PRINT ??F CEO 7720
DO 45 Kzl,KMOX 610 740

4.5 W(Kh=O. CEO 750
no 71 T=J1,J? GEO 760
01ý7(I) CEO 770
X2z201*1) GCE 780
IF (0.EO.Ji) Y1=11 GEO 79C

IF (I.Ell.J7) X(2=HP GCE 000
07=07.-X1 CEO e10
IF (T.FO.NL) Pr7=( 1) 1'(- 1 GE0 820
O)Sý O7 CEO 870

c IiFWAQP TRAJCCTORY ECO 040
RX% (RE+X(1) / (QFtA) CEO E00
THETOZASIN( ýDFI)/CA GEO 860
P`HI0ASTN(cPHI*RY /08 CEO 870
PEFT=THETA-PI"T GCE $80Fi
SALPtRX-'CPN I CEO 890
IF (SPHI.C.T.1.E-t9)0S O(REtXIS*IN(PEIOCA)/SPVI CEO 900
BETAMgETA+'C' CEO 910
FSTPnFT A =PW -ANCLE CEO ¶20
PHi18

T
. -PHJ 560 1020

SR=spr GECE 940
JExTPAI) GEO 950
00 70 K:1,6(00 GCE C,0
EV=0S*rH(k, I) CEO ¶70
IF (I.EO).Nt) CO Ti 5r. CEO 930
IF (II..C.Ph(T1..0I GO TO055 CEO 990
I F ( AO'SU FNH(K ,I I/ENH(IK,I1t+11-1 .0) .LI1. 1.OF-6) GC TC 6 0 CEO 10 00
EV-0S

4
-('H(KI )-H0(k, I.))/ALOG(EN(K, I) /H(K(, 1+1)) CEO 1OO1'

CO To 61 CEO 1C222
50 IF FFflFC . 3EGO To 55 CEO 1600

IF (EH(K,I-II.EQ.0.0) CO TO 55 CEO 1E'40
IF (0BS((rN(K,TI)/FH(K,I))-1.0).ET,t.0LE6) CC TC 60 GCE 1050
FVzEV/ALOG(FH(K,I-1),'HtKI)) CEO 1060
CO TO 60 CEO 101?0

451 FV 50:0 CEO, 1c:0
59 VH(KI:Vw(V()+EV GE 0 1.C E

I F (7*9J~L ' .iSI ,0 T~ 06 C' ,O 11 00
WLAY(I,K) :EV4W(K) CEO 1110

CIO To GCE 1170

65 W(K)=PV CEO 1140L
IF (j1.NF.JE) G,) ro ?' GCE 1050
WLAV(J,41 ,K)zW(K) CEO 11C61
W4K (tQ. CEO 1170
JEXTFI:1 I EO 1180

70 CONTINW C' 19
IF (JD. FC) ~PI NT 74 I,XI, '1,(VHIL),L1,I , ),PCI, PI.I,EEITATHE A ,SR CEO 12(0



Table AlI. Listing of Fortran Code LOWTRAN 5 (Cont.)

IF (JO.Ef.0) PRINT 240, X2,(VH(L),L=1O,1'O,OS CEO 1210
IF (I.CE. NI) CO Ti 7r CEO 1220

IF (I1E.EO.J2) EHM(',I.1)=YN CEO 1230I
IF (I. rQ).JjI) EH( Q,1)r=TX± I EO 1240
RN=EH(9 ,I 1)/SH(Q,) CEO4 1250
IF (SALP.OFPN) SPHT=S:ALP CEO 1270

75 CONTINIJE CEO 1260
co TO 150 CEO 1290

C HORIZUjNTAL VATH GEO 1300
80 00 85 K=±,KtAY GEO ±310

W (K) =PANCE PH (K, 1) CEO 1370
IF (PI.GT.0) %(K)±=RAN~cVTI( K) CEO 1330
/N (K) tW(1vi CEO 13404

85 CONTINUE CEO0 ±10S
GO TO 200 CEC ±360

90 CONTINUE GCE 1370
C OLWNWARU TRAJEETOPY CEO 3800

K 2=0 GCE 139o ~
IF (NP±,Efl,0) J±=J1-E CEO 1610
J2=J1~ GECE 1410
JJj1+1 G EO 1420
YN±=VN CEO 1430
IF (H2.;T.'(J14-1).fnP.Hi.EQ.H2) GO 70tOG 10 EO 14'.0
IF (NGE..N.2G.(±e) O TQ !nn GCE 1450
CALL POINT (H2,YN,NNP2,ID) CEO 14E0
CO 95 K1I,KVIAA CEO 1470

95 W(K)ýTX(K GEO 14eo
TX?'TX QtoGECE 14900
SN 2= TN GED 1500

IF (HZ.LT.N1) tHrN? - EO 1510
J2=N CEO 15202
IF fti.Eo.J?) TX?=TXl+YN2-EH(9,N) CEO 1530
IF (H2.CT.H±) TXI=112 C50 1540
IF (d.crAO'? M)YN1ýT X2 GCE 1150

100 A0=(RE+HI) -PHIVYN1 CEO 1560
IF (H2.GE.Hi) YN2zYNE CEO 1570
030 105 T:1,J1 SAC) ±500
HMINZAA/EH(C,I) -PPý SEC 1590
IF (I.EQ:1.J1) HMINzAe/yI'l-op CEO 1600
JNIN=I CEO 1E±0
IF (HNII.LE.7(I41)) CO T0 110 CEO 1(20

105 CONTINUE GCE ±6i0ý10 X=HHIN CEO 1640
IF (NHT.FJ.I1..0) GO TO 120 CEO ±850
CALL POIH' (XVJ'.PGEO 1600
J MI NýN CEO ±670
TX3=TX(9) CEO ±600
IF (J.ONO.IFjNTX3=YN2+TX($)-Et6(E,r) GCE 1(90
IF (103.11. C * ) TX73:TX (O) CEO 1700
JF (J1.tO.N,ANO).H2.IE HO) Co To '1±5 GEO 1710
PM IN: 00/113-PP CEO t720
yr (APS(A-NMIMN).T.y0nr±) CO TO ±10 CEO 173!0

±1 I I (Jj,. ED.N Aqn. H?.GE. HI) YNirTlX3 CEO. 1740
IF (J?.EO.N.ANP.JA.NF.J2) YN?=T03 CFC 175C

IF(7CHtTy?=TXA CEO 1760
IF (H?.GE.Hl) J2=94 CEO 1770
IF (H7.SE¾.H1.CR.HV.LT.HMI4o HýHMIN C EO C7e0
PAINT ThO, HMIN CEO 1790
IF (H2.LT.HFIN) J?=M CEO 1000

1617

- .,.iti



Table Al. Listing of Fortran Code LOWTRAN 5 (Cont.

IF (H2.LT.I-IfIN) PRINT 270, HMIN GEO 1810
GO TO 125 CEO 1820

±20 ORINT 2340, 14MYN CEO 1030
IF (H?.LT .11) GO Tn 175 CEO 1840
IF qrTYPFF0,rQ.tflP4 H7GE.Hj) PRINT ?55 CEO 1850
ITYPE=2 CEO ±860
TX2=EHf(9,1 I CEO 1870
JMIN= 0 CEO 1880
422i G EO 0810
H2=0.0 COO 15(0
H2 0.*0 CEO 1910

C** NOW EiFFINF VFPTI'AL FATS OUANTITIES VS CEO 1920
129 IF (JF.--0.Q) PQINI ?21, CEO 1930

JSTQR:J -1 CEO 1940
00 145 11I,NL CEO 1950
J= J-1 CEO 1i60
REF=EN(9,J) CEO 1970
IF (IE.)PEF=Y41 ECE 1980
IF ( I.EO ,I. ANC.K 2. E-1.EI) RE F YN2 CEO 1590
IF (J. E 1. J2. 057E. K?.FO0. 0) PFE= T X2 CEO 2(00

IF 4IN.)X1=l'J+1) GEE 2010
X22 (JR CEO 2020
IF (J. El. J?. AND. K21.1E0.0) X 2=H CEO 2030

SH=z(P E+ X) * .-H I-vF CEO 2050

IF ESM.GT.7(J).ANH).HW.CT.X2) XZ=55 GEO 2060 i
RX:(RFtX1I/ (P147?) CEO 2070
D3:Xj-17 CEO 2080

ALP=O0f.0 CEO 2090

-THE T=ASIN(S';FM ) ICA CEO 2100 I
SALP=RY-SrNT CEO 2110
IF (AS1-1)I~~l-IALPrASIN(SALP)/CA DEC 210 n<
BET=0LP-THFT CEO 2120
ný(PI.- .0-0 PSr(R64X2)401IN(9EVGA) /$PHI CEO 2140
THETO-iFO.0n-TI'T CEO 2150
SETA'qr

T
A .91FT CEO 2160

PSI=RETA-ALC-ANGLF+180, 0 CEO 2170

SR=SP+OS GCE 2180
00 i5O 5=i, 5505 CEO 2190
AJ= EN C,.JI GCc 2700
6,J:EHOK,J,1 I CEO 2210
Iý (J.D. Jt) PJzF (5) CEO 2220
IF (J.EI),J21.A000. H2.LT. S1.ANC.52.DT.T .0? Au:W06) CEO 72!0
IF (U.FT-.J'ITN.0Nfl1.H7.rC.HI) 13:75051 DEC 2240
IF OJ.5Q.J'IIN.AIND.A095(H2-4N) .LT. i.OF-5) A=T 5(K) G60 2250
IF (52.EO.E.) GO TO1 13' GEO 2200
IF (J.FD..JT'I FJ5(5) CEO 2270
IF OJ.Ft.JHIN) AJ=TY(5V) DEC 2280

130 IF (0u.EQO..OD.OCfJ.EO.C.&) GO TO 145 CEO0 2290
IF (ABSS O AJ/PtJ)-1. M) . LE .1. O F-6) GC TO 139 CEO 2300
EV=OSOI&JUtJI ,ALOr (OJfBJl CEo 231Q
CO TO 145 CEO 2320

135 EV=OSOAJ CEO 2220

GO TO I41; CEC ?!&,a

140 EV=0.0 C EO 2550I
144 VH(K)VHO FI 5 EO 2360
190 WL8Y(J,K)=EV CEO 2370

IF (JEO, 0) FRrNr ?44 , J,X 1, (v L),L=1,SI, PSI, ALP, VETATHETA, SR CEO 2380
IF (JP.E0.flI fl5)5 ?40, X2,(VH(Ll,L=10,141,DS GEO 2Z90

IF (J.FU.J'.AKO.H?'fl1.S0) Co To 180 CEO e400



Table Al. Listing of Fortran Code LOWTRAN 5 kCont.)

IF (JT.MNIOIC.3GO TO 170 CEO 2410
I F (J.NE.1) PN=QFF/EN(9,J-j) CEO 2420
IF %J.FO.J2*1) RN'REF7TX2 CEO 2430
IF tJ.EO.J2.ANO.K2.EO.0) RN=REF/YN2 CEO 2440
IF.(J.E'0.(JPTN+1hONV.K2.EO.i) RN=REF/TX3 CEO 2450
IF (SALP.GF.RHO Q'=1.0 6E0 2460
SPHItS6Lv*Qt 600 2470
IF tJ.Efl.J?.AtN'XK12.EO.00 CGO TO 160 CEO 2480

155 COtJTINUý CEO 2450
160 IF (HMIN.LE .0.0) GO TO 150 GEO 25(0

IF (LEN.El. C) PRINT 2(60 CEO 2510
IF (LEN.EOJr) CO TO 190 CEO 2520
IF (LEN.EO.1) PRINT 265 CEO 2530
K21. CEO 2540
Xi' X2 CEO 2550
IF (AQ'S( X1-tMIN) .LF.0.00t) CO TO 19t 600 2!r:0
H=HNIN GCE 2510
JzJ 2+1 CEO 2580
IF (NF2.EO.:) I=J-1 CEO 2550
e=9ETA CEO 2(00
FI--i80.0-ASIN(SPHI),C8 GEO0 2610
TSr SR CEO 2020
PSrPSI CEO 2630
00 165 K1t, KMX CEO 2(E40

165 ECK)=VI40K) CEO 2650
GO TO VIS CEO 2680

270 BETA=2.*PrrA-F CEO 2670
PSI:2.-PSI-PS CEO 2600
SR=2.*5R-TS CEO 2690

C LONG PATH , -tOKFN CEO 2700
PHI=P'4 CEO 2710
00 175 K=I,KMAX CEO 2720

175 VH(K)=?.'VN(K)-E(K) CEO 2730
Go TO i00 CEO 2140

180 DO 185 K=1,d)mcX CEO 2750
185 VH()=2.0*VF(K) 660 2760

SET8=2. 9*09IA CEO 2770
SR2.O0SR CEO 2780
IF (H2.EOH1) CO TO 190 CEO 2790

RN=TX~fy~lCEO 2800
SPHI=SINIANGLE*G80 CEO 2e10
IF (SPHI.L T .RN) S0HI=SPNIfFrN GO2
GO TO 39 CEO 2810

190 CONT INUz CEO 2840
IF (ANGLF7.GT.90. 0) PRINT 215, HM CEO 2050
CO 195 K=1,KMMX GEO 2860
W (K)= 11P(K, GEO 2M7

195 CONTINUE GEO 2060
200 WRITE (6,220) CEO 2890

WRITE (6,28n) GCE 2500
WRITE (6,23f)) CW(I),I=l,81.W(100,W(xi) 600 21;10
IF( V;:7 .CrT,.0. 0.&AWN.TCH4(11 .LE. 7) W(I15)Wzvi15) /W (7) EO 2920
IF(W(11?) .GT.o09.flA't. ICM(1 .C1 .7) W (f10 =W(15 ) f%4( 2) GEO Z330

20F WRITE (6977') (W(T),1=12,150 G!:o 0293'40
1=1 CEO 2950

210 RETURN CEO 2960
CCEO 2970

215 FORMAT (GC! EO 2S80
220 FORMAT (/0, O.JIVALEI1 SLA LEVEL ACSORBEP AMO'UNTS//21X,112H WCEO 2991

lATER VAPOUR c')? E1, *, OZONE NITROCEN (CONT) H20 (CCEGEO 3000
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2T) MCI SCAT AERI OZONECU-V)/21,X,THCH CH-2,iOX,2HKCEO 3010

3M, j~x,SHATM CMI y ,2H'KM 9ý ,HGH CMO-2, I100, 2HKM I IX,5X,1I3 Y,GHATM 014)GE0 3020
225 FORMAT (IHI,/100,20H VERTICAL pROFyLES,/f,,Y,2HIl,3Y,-3HALT,6iX,3$GEC 3030

11'20,7K, 4HCO?+,fiX,2HIT3,9X,?HN2,60,8HH?0 (0IOýk4X, 4HMO LS,6X,4HAER ItSYGEC 30of.0
2,6H02z(IJV),5X,HPSI,EX,3HPHI,6X,4HeETA,40,SHTHETA,',X,5HQANGE,1¼314XGEC 3(56
3511 , 4y,7HH20 (4M),II, Y4NHP03,6X I HAIR2,E6XtLHAER¾G, X,4HAERQ, 3XP,,5EC 3060
48x,6HCQ AN CE-i/) I EO 3070

230 FORMAT (/im Y,OH W4(1-6)=8(Z14. 3)/i74XE143ZX4.3./ GEO 3000
235 FORMAT (69H TRAJECTORY MISSES EARTHS ATMOSPHERE. CLCEEST DISTANCE CEO 3090

iDE APPROAC7H IS,F 1!.2, jo,/,X, iCHENO OF CALCULATISCt) ECE 3100
240 FORMAT (4X,FA.3,1qX,SP5EIO.3,560,IPF?.2,/) CEO 3110
?245 FORMAT (14,FE.3,IPFEIO.3,OP4FS.4,FV.t) CEO 3120
250 FORMAT (PH HMIN *Ffl3 CEO 3130
255 FORMAT (6,41 PATH INTERSECTS EARTH - DATH CHANCEC TO TYPE 2 WITH HZCEO 3140

1 = 0.0 KMI) CEO 3150
260 FORMAT (84H CHOICE OF TWO PATHS FIR THIS5 CASE. -SHORTEST PATH TAKENCEO 3160

1. FOR LONCFR PAT-I SET LE'J=1.I 560 3170
265 FORM4AT (8,;H c"OTCC OF TWO PATHS FOR THIS CASE -LONGEST PATH TAKEN.GEO 3180

1 FOR SHORT CATH SET LEN = 0 ) CEO 3190
270 FORMAT (74H- H2 WAS SET LESS THAN MMIII AND HAS BEEK, RESET EQUAL TO CEO 3200

1 HMTN I.E. H? r ,F10.3) SGEC 3210
275 FORMAT (/30X,AHAE-2,10X,A4AER3,10Y,AMAER4,5X,9HR.H. MEAN,t10X,10H CEO 3220

1W(12-15)=,4(!PEfER.T)/) CEO 3230
280 FORMAT (1t8X,iIHNITRIC ACID) CEO 321,0

END CEO 3250

170
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SUBROUTINE ANC-L (HI,N?,ANGLE,B1, LEN,M, NL, RE, FI,MtL) ANG 10
COMMON /MD0TAf ?(3Id,Q(7,34),T(7,34),v(H(7,343,WO(7,31.) AWE 211

I. SEASN(2) ,VULCN(S),VS6(3) ,NZ(150 ,HIXM1(34) ANG 20
COMMON RELHUMO!41ý,NSTOR(3'..I,EH(1.5,34) , CM 04),VHCI5) ,TX(t5I AWE 4.0

COMMON WLAY(lL.,15I,WQATI1)48,j5),TEPY(68) ABS s0
COMMON ABSC(4,4ý0),EYTC7(4,,40),VX2C4O) AWE 60

C *#49~##f 9#UW*#R*#RI####
9 9

*A0 70
C ANG s0
C THIS SUIROUTINE CALCULATES THE INITIAL ZENITH ANGLE (ANGLE) ABC so
C TAKING INTO ACCOUNT PEFRACTIOI, EFFECTS GIVEN Hi,H2, ANO BETA ANG 100
C (WHERE !ETA IS IHE FAPTH CENTRE ANGLE SUBTENCEE BY H1 AND H2 ), ANG 110
C ASSUMING THr REFRACTIVE TINEFX TO eE CONSTANT IN A GIVEN LAYER. ANC 120
C FOR GREATER ACCURACY INCREASE THE NUMBER OF LEVELS IN THEI MODEL AND 110
C ATMOSPHERE. A4 Cf 140

CANG 150
C THIS SUBROUTI CF EN flC RE'IOVEO1 FROM THE PROGRAM IF NOT REQUIRED. ABS 160

C 170

TP=99 SING 180
CACPI/1Af * ABS 190
AS=RRFHl AND 200
X2:RF+H2 ABE 210
LEN:0 * ABE 220

17=0ABS 250
Bj=Pj*Cf AWE 240
TANG'07'SIN(BI)/(K?*COS,(B1)-X1) ABC 250
THET=ATAN(TANf) ABE 240
IF (TNET.LT.O0.) TNCT=THEr+PI ABE 270
SPHI=STfhiTHET) ANG 2800
AND=TNFT/C4 A1SNG 290
TN=THET AND 200
TM=TN-0.5-CA AND 310

5 ANSLE=THET ANC 320
FOT:O. ABE 330
PET OzO. AND 3404
EET1= 0 AND 250
BET2=O ABS !60
FBTirO ABE 370
FAT 2CR ONE Zf0
FOT3zO. 0 ABS .190
IF (FS.LF.0.O) GO TO 10 ABC 400
'z2.* TM FT ABE 410

IF CY-PI.GT.1.9F-F1) GO TO 45 AND 420
IF (IP.EO.E000 So To 30 ABS 430
X(MONrXZ*rOS (A)-pE ABC 440
IF (O(MIN-NI) 40,20,70 ABS 450

10 NMIN=4' ABS 460
N = Ni ABE 470
Hi =HHIN ABE 400

L5 ANGLE=0.5-P7 ABC 4-0

THETh AtGLE1 ANC SIDO
SPHI=i. 0 ABGSi51

2n 1P=110 ABS !!0
CALL POTNT (HO,YB,N,NP,IP) ABS 540
J1:N ABC 550

TXI=TX(9) ABGSE56
2', CALL POINT (HZ,yH,B,BP,I9) ABC 570

IF (BP.EO.I) N=N-I ABGS,800
J?mN ABS 590
IF (JS.EO.J2) TYj=1Xi4YN-EH(V,JI) ABS 600
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30 00 35 J=J1,J2 
ANG 6100XI=R[+!(J) 
5MG E2 0

X2=R+7(ii)5MG 
650IF LJ.rO.Ji) Y1zRE.H1 

AMG E40IF (J.1FO.J2) Y12:QE4.w 
ANG 650SALP--X1-SP41/V2 
8MG E661AL~rASTN (ýALP) 
ANMG 670RNrEH(9 , J4.1)1ISM( 9, J) 
AWL 680IF ( (J4.1J.EQ.J2) RN=YN/EN(9 ,J) 
5MG 690IF 0J.E'1.u1) rNtEN(9,u,11,yX1 
ANMG 7(CIF C(J411).FC.JT.ANr.JEQ.Jj

1 RN=YN/Tki 
ANC 710BET:THFT-ALC 
AMG 720F1O=-TAN(ALP) 
4MG 7!0IF (J.NE.uJ) FPrFefTAlN(THET) 
AMG 741jF13T=F9T#rR 
AMG 7!09ETA=1SE'fA*FlEr 
AMG 760THIrTHET/CA 
AMG 770OE=BET/CA 
ANG 780

IF ( o. EQ. RE.H? ::=D1-ALP 
AMG Q00IF (SALP.GE.RN) SN=o. 
5MG e10SPNIz SALP/QN 
5MG 820THE!: ASIN(ScHI) 
ANG 83035 CONTINUE 
N 00IF (PItr.oF.o. fO To 125 

5MG 650Go To 115 
5MG 08040 CONTINUE 
5MG 870TANGr-TANC 
5MG 880ANGLE'cI-ANCLE 
AMC 050TN=ANGLC 
5MG 900AN G ANGLE/cP 
5MG 910IF (N1.LE.0,O) GO TO 15 
ANG 92045 CONTINUE 
5MG 930

IP-1ti5MG 
540CALL POINT (H0j,flN,qNt1Iopo 

ANG 9F0TXLIX(9) 
AMG 960YN 1YN 
5MG 970IF (NPI.EO.n) MN,-N1 
AMQ 980J2Oh kI 
8G 550IF (H.rO1.7) J2=ML 
5MG 1000J1=N 
5MG 1010J~J 141 
AMG 1420IF (N2.r-E.M1) GO TO 65 
8MG 1030CALL POINT (H%,YM,N,NP,IP) 
5MG 1040IXZ:Tx(q) 
8MG 1050YN2=YN 
5MG 1060JO: N 
AMG 1070IF (.JI.EQ.an TX2=YN1*TX(9)-EH(9,JIO 
6MG 1081f;0 J=J-j 
5MG 1090XC1RE.Z(J~t, 
AMG 1100X2=RE+? (4) 
5MG 1110IF (J.r0.,ai Y1:PE+No 
5MG 1120IF (J.FO.J?) X ?= RFtH? 
sMG 1.l1lo

SAL F Xj-P"I/(2 MG 1140MMINrX1 5
FMH ]-&F 

5MG 1150IF (SALP.LF.1.E) GO TO 55 
AMG 1160SALF=SPNI 
ANG 1170IF (HMIN.GT.N2) GO To P0 
8MG 11f8055 ALP=AS~~J(SALP) 
N 1qTHEI=ASINVSCHI, 

5MG 1200
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RET=4LP-THET 4MG 1210
nE Ti=2FI Ti I+rT A 1G 1220
FA2TAN(BLC;) AMG 1230
IF (J.NT.J1) r 0= F -T ANTHi-T) ANG 1240
F 071=0 B'1iFP AN4G 12S0
THI=THrT/rh ANG 12E0
eE=807/CA 4MG 1270
41 IL PIG AN 4G 1260
1 F (Y 7. E0O.Q0E+F 71 C=PI1-4 LP A NG 1290
qEFrrH(9,J) ANG 1300
IF ( J.EQ0. JI) ~C F=Y N1 4MG 1310
IF (J.CQ.J7) ;OF=Ty;, 4MG 1320
IF (J.rfl.j) rO TO 60 AMG 1330
PN=EM(9,J) /EH (9,J-1) ANG 1340
IF (u.E2.J1' FN=YN1(EH(9tJ-1 AMG 1350
IF (U.EO2.J?+1) RN=PIF/TX2 4MG 1300
IF (J.EO.J?) R;N:WCFfYN2 DM0 1370
1F (16L

0
.GE.PN) P4=1. 4MG 1,380

SPHISOLP*RN 4MG 1.390
IF C7(J).LE.M2) G~O TO 60 4MG 1400
GO TO 69 4MG 1410

60 01i=17 4MG 1(420
IF (4RS(7(J)-IP?).LT.1.0E-1C.AMO.J.ME.i.) GC TCt 65MAG 1420
GO TO 70 4MG 1440

65 J.,J-j AMG 1450
X1=RE.T(J+t) 4MG 14*60
IF (J.EQ.Ji) X1:RE +141 4MG 1.470
If CJ.E2J.J2.0M0.J.Nr.Ji) Xi=RE4442 4MG 1400

70 XZ=PF.U(J) 4MG 11'90
HMIN=YtiVPHI-PE 4MG 15000
IF (NMIN.1c.0.l) 10 TO fig 4MG 1510

IF (7(J).LT.NMIN) rO TO 80 AMG 1520
REFeMC

0
Q,J) 4MG 1530

SALP-XI 'SPWI7/i- 4MG 1550
ALP=ASTN(5S816) 4MG 15360
TMET=aSIN(SVHT) 4MG 1570

PET=ALP-TWEýT 4MG isco
F66:7N(ALFO -TLN(THET) 4MG 1590

PET2=8FTs0FT 4MG 1610
AMIN~FT1+Q7?4MG 1620

A=A: t-/rGA 4MG 1030 ~
THI-=THET/C4 4MG 1040
RNýRFF/EN(O,J-1) 4MG 1650
IF (SALP.C¼,NI PN=1.G 4MG 1660
SPMI:S 0LD4PN ANG 1070
GO TO' 6q AMG 1E04

YNI=TX5 4MG 1700

IF (09S(H2-7(J.1)).LF.i.OE-5) YM1:TX(9) 4MG 1720
IF (A99(I.1-7(J+1)I.L 1.0.E-5) YMI:'X(9) 4MG 1?20
P.M 1.0 a4MG 1730
GO TO P,' 4MG 1.740

e0 GALL POINT (tHrIN,YM,N,MF,1P) 4MG i7C0
IP=102 4MG 1760
TY3:1 X(91 ANMG 1770
IF (J,.EI.J I.,ANDY.PWI.rF.MlI) GO 0 T0 75 4MG ±7e0
I F (J. CQJi *OV .J .EO. J?-) TXK'=YN 2+T X 9) -FM q, J) 4MG 1790

IF (HMIM~ffT.UZI1 TYr7TY(9) 4MG 1840
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IF (J.O.)J1.ANO.HlIT'i.GT.H2) GO To 75, ING 1810
RN=FFF/'23 8MG 1820
IF (SALP.IF.RN) QN1. ANG it?0
SPHI=SAIPRNt AMG ie40
X=X1-SPHI-RF 8MG 1850
tIFZ OS (NMTN-X) 8MG 1860

U. (OY.F-1.CE-SI p5,85,80 AMG 108
85 X2=RE4HM'TN AMG 1890

THET8ASIN(SrHI) 8MG 1100
IF (RN.Z±0.1.0P F

0
T'=-TAN(TNET) 8MG 1510

IF (RN.E5O.i.a) co TP A0 8MG 1920
CMXZ=(TXI-1.F) 8101((TYY-1.0h/(REF-1.00 /(/82-911 860 1530
F93T3t-T0M(T5ET)*(1.n-1.0/(x.0+Tx3/R(x2#ONx)2) ANG 191.0

90 BETO0.rOPI-TMET 8MG 1550
VET2= BETI+.551 8MG 1960
RMIH=~RT14RECT2 8MG 1970
IF ($2.GF.HI) GO '0 110 8MG ±580
BET:PET 1+.2. 9 eer 8G 1550
TOBi:p1-qfT1 8MG 20C0
082tt6FT-P1 8MG 2010
OS 3= ARS C FB1ON- 1P0 N Z
IF (S..CINP0tTO1)GO TO 11.0 8KG 2030
IF (t'82,GT.C') CO Tel 95; 8MG 2040
IF (OS2?.GT.UO1) Go To J1O 8MG 2050
AET A'SET AMG 2000
FPT=FRTt-2. 0'(F13T2e-P'3) 8MG 2070
LEN'!. AN8G 2080
Go TO 115 860 2050

95 5ET8'OETI''ET2 PNG 2100
FF!T= F T I F '724 Fnl7' AMG 2110
GO TO jir 8MG 2120

100 FETA"2.0
4
(9FTI4BEFT?) AMG 2130

LEN-I. AN0G 2140 -V
FFPT:2.0 (FBTItFBTZ+rPT3) 860 2150
FRINT '130, J,OET8ý,F'T,FSTI ,FRT2,FOT3,TX1,YNl 8MG 2160
IF (H2.EO.H1) GO TO 115 8MG 2170

16:1fl F' G 2180
IF 1NP1.FO.11 J1=J141 850 2190
SPNI:SIN(bNGL

5
) 8MG 2200

IF (7(11.4±) *LF.N2) GOD TO 105 8MG 2210
RN' TY!IONI AMG 2220
IF (SPHT.GE.F0) RN'¶. 8MG 2230
SPHI'SDHI/NK 8MG 221.0
TNETZ0SIN (S6W!) 8MG 2250
GO TO 11; 8MG 2260

1.05 CALL POINT (F2,Y4N,N, N, O) ANE 2270
TX±'TXJ+YN-F.H(n, Ji) 8MG 2280
RN=TXI/YNI 8MG 2290
J2 Ji 8MG 2300
IF (SPMO.GE.RN) PN=1. 8MG 231i
SPMO'SPHI/ON ANG 232a
THET=ASIM(SPHi) 0MG 2330
Go TO 15 8MG 23409

110 BETA=6trT1 8MG 2250

t5N=1O. 8MG 2360
SpiPT=RT 8MG 2370

115 THFTr0NGLE,(fl0-qrTA)/(j.+f8T/1ANG) ANG 22180
0561 DRiTC/f0A 8MG 2390
P'00T1/cA 8MG 2400a
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THI:TMFT/CA ANG 21410

IF (THFY. GT.TK.OR. THFT.LT. Til THET=(TN.TM)/2. £60 24 20
TMG:THFT/ClA IN.- z440
PRINT 1:-, PETI,A,FFT,THA AMG 2450
TNi= TNICA AMG 2.60
TMI:TM/CA 4MG 2470
PRINT 114r, TNTMTNLITM1 6MG 2410
SPHT:STN (TET) ANG 2450
TANG= TAN (THET) ING 2500
IT= 114+1 6MG 2510
D BE= ARS (91 nrTIA) AM G 2520
DTH= ABS I AWCtLE -THE T 6MG 2524
I F ( IT. EOIj,) THEFT . A0NG tE +TH ET) 6MG 2540
IF (TT.In.10) r-O '0 12') 4MG 2550
IF (OSE.GT.1.T'E-7.Al40.DTH.GT.1.OE-7) GO TO 5 6MG 2560

120 ANGLE=THET/C'A AMG 2570
PRINT 145, AMCLF,IT AMG 2580
RETUPN 4MG 2590

125 HE=H2 1MG 2600
ANGLE=C/CA 6MG 2610
PRIINT 149, ANGLE,TT ING 2620
RETURN INS 2630

c A NG 26 40
130 FORMAT ( IF ,rPlF.V.$F13. 8, ANG 2650
13I FORMAT (I14H TCTIL RE TA E ,14.6,FI15.6, 7H, FOT El ,iE,T7H THE! ,F1INI 26600

11. b6,SHTIItJC;=,FIfn. F) 6MG 2670

140 FORMAT (15F12.FI) 6MG 2660
145 FORMAT (8Y,/1H',14M'ENITH ANGLE =,FT.3,60M DEGREES 4REGOMPUTEC 6MG 2690d

1 FROM TZUFROUT~qE ANGL (ITTERATION,13,IHI( 4MG 2700
END 6MG 2710
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SUBROUTIfF FCINT (X,YN,N,NP,IP) POl 10

C REVISED 12 VEC 79 POT 20
COMMON /ChQCif NO[I1L,TNAZE,ITYPE,LEM,JP,!R,MI,M2,03,H4L,IEMISS,RC POT 20

I ,T0OUN0,ISFAsm,rvULCN,VIS Pal 40

CONMCN ICDRr?/ HI,M2,ANGLE,RANGE,EIETA,HHIN,,RE POT so

COMMON /CARV't V1,V',OV,AOW,C0,CW,W(153,E(i5),OA,PI POI 60
COMMON fCNTPL/ LENSE,KMAX,MI.J,JI,JL,JMINJE0TRAP0L,IKMAXNLLNPI PO1 a0

IIrIlNG, Nt, IKL- POX 130
COMMON /MOATA/ '3,P ,3)TT5,W(,)WO ,4)POT so

1 , SEASN (2) ,WVLCN (5) , VSS(9IH117(15),MMIX (34 Pal 100
COMMON ELMLH4( ?4), S TORI(343) ,E H(' 5,34) ,!ENH(4) , VH(1,5',TX(15) P01 110
COMMON WL AY(314,W1I ,WPA TH(68 ,15) ,TP.BY(S68) POT 120

COMMON APSC(4,403,EXTC(4,40),VX2(k03 POX 120

C **u**...;.#.s.* #...4U4#R*###.R.4*off USV##U0 3*OT 40

C SUBROUTINE FOINT r'O4PUTES THE MEAN RFFR. INDEX ABOVE AND BELOW POX IS0

C A GIVEN ALTITUDE tiND TNTE*POLATES EXPONENTIALLY TO DETERMINE THE POX 160

C EQUIVALENT A2SOPCISR AMOUNTS AT THAT ALTITuDE. POT 170

C POI 180
C. .............. 4.......#44*t* .44 *4..POI 190

c POX 200
C X IS THE HEIGHT IN QUESTION P01 210
C TX(9) ONE' NN ARE TIE MEAN REFRACTIVE INDICES A2OvE AND BELOW X POT 220

C N IS THE LEVEL INTEGFR CORPESFGNEING TO X OR THE LEVEL BELOW X POI 230
C NP =1 IF X COINrEDEs WIll MODEL ATMOSPHERE LEVEL ,IF NOT NP = 0 PO! 2140

C TX(1-83 ARE APS0O"3FP A'4JUNTS PER KM AT HEIGHT X P01 250
C -*4*-IF4-- **## 4$~## ###4#*.4.4#$O4#* ...*#l9*#POI 260

N=NL P0X 270
NP~l.POI 280

IF (X.LT.0. 0) Xz7(1) PDT 2S0
IF (X.GT.7(NL)l G3 To 20 POI 300

CO 5 11I,NL POI 31.0
WrIPOX 320

IF (X-Z(7)) 10,2D,5 POX 330

5 CONTINUE POX 340

10 J?:N POr !50

N=N-1 POX 360
MMj:N POI 270

IF(MI.GT.0.AND.M.LT.?) MMIxMI POX 380

MM2=M pOl 390

IF (MZ.GT.C.ANO'.N.LT.7) 002'82 POT 400
FAC=OX-'f(N))/(l(J3')-?(N)) PD! 1410

PXI=PO4$1,N4)*(p(MI,qlJ5)/P(MM1,N))V'FAC pal 420

TX1=T (MNI,N)*(T(MMI,J")fT(HMij,N) ) *FOC POX 430

WXj=WH(M'l2,N) (WN(MM2,J2)/WH(MM2,N)) *FAC POI 440

TX (3)=r'0P01/TYI-4.SEE-*WXI*TXIECW P01 450
TX(21=CQP(lHI41,JTI/T (MMi,42)-bý.SGEE6WH(MM2,J2)-T(MMI,J2)*CW POX 460

TX(1)rCO#P(MMI,4)/T(MMI,N)-4.SSE-EI4HIMMeN)'T(HNO,NV*CW POI 470

TX(9)=0.5r-5*(TX(?)+T((3;)I POX 480

IF (IP.Efl.0) GO TO POX 500
00 IS Kr1,KHPX POI 520
IF (K.10.9) GO TO 1', POI 530

TX(K()=G.0 POX 540

IF (EN(K,N).GT.1000.0) GO TOtE PT 4

IF (X.LS.100.P) TY(K)=EH(K,N).FAC*(EM(K,J2)-E~iK,N)) POT 500

IF CFH(IG,N3.EO.0.0.OR.EH(<,J2).E0.0.0) GO TO 15 POx sea
TX(KO=EN(K,NI#(EH(K,J2)/EHi(K,N))

4
*FA0 POT 570

15 CONTTNtW PO sea

GO Tr' *5 PCi 590

20 NP=I PO! 660
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IF (10).E0.0) GO TO TO POX 610
00 25 = IKFAK POX 620

25 TX (K) =EH-(K, N) PO01 ?70

30 TX19):5H)q,N)-j, Pox 6140
YN:0.0 POX 650

C CARDS P 2L, AND 5P THPOUNH 59 ARE NO LONGER REQUIRED POT 660
IF )N.GT.1) VN:EH(O,N-1)-t.0 POX fEl0

35 CONTINUE PCI 687
IT (IP.EO.1l PRINT 4F, X,4I,NP,Tx(9),YN,IP,(TX(K),Ktb0a) POX 650
IF (IR.Erl.j) rRINT 40, (TKIK) ,Krl,,14) POT 7 00
TY(I9) =TX (Q) #1. POX 710
YN'YN +i . PO1 720
RETURN POX 730

C POX 74.0
40 FORMAT (#fSO,11'4 TX) 12-141=,3Ei0.!/) PCI 750
45 FORMAT (/,2r14 FRON4 POINT\ AIEICNTF10.4,ER KN,N=,13,4H,NP=,12,28K,POI 760

iREF. INOEX ABOVE X BELOW X=,2E11.4,4H,IP=,I3,/,12X,36HEOUIV. AGSOAPOX 770
ZOER AMOUNTS 05R K4 AT X=,5E 10.3) PO1 780
ENO POX 750

ki
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Table Al. Listing of Fortran Code 1,(OW'i'lAN 3 (Cooit.)

SUBROUTINE EYtOIN Ext 10

c 10A0S CYVINCTION ANO APSORPTION COEFFICIENTS FER TIE FOUR Cot 10

c AEROSOL ALTITUJE PC)G10jS Ext '.0
cEXt s0

COMMON /CAcCU/ m4OfFL,tHAZC,ITYFE,LEN,JP,IM,M1,M2,M1,NL,IEMISS,RO Ext (00
I TBOUND,ISFASN, IVULCNA,VI3 Ext 70

COMMON ,'CARt?/ H1,H7I,BNOLRANGE,EETAY,HMIN,RE Ext 80
COMMIN /CAFEO/ VO,v',OV,AVW,CO,Cw,W(i5bE(IS),CA,PI Ext cQ

COMMON /C'NTFL/ LENST,KMtX,M0,I.J,J1,~J2,JMIN,JEXTR~tILIKMAX,NLL,NF1EXt jot

I,IFENO,NL,IKLO Ext 110

COMMON /MOOT0/ 7(94.),P(7,34),T(7,.'4hWH(7,34),NO(7,1*l) Ext 120
' ,EASN(?),VULCN('),VcB(9),H7(15),HMIX(54) EXA 130

COMMON PELHUM(,34),HSTOP(34)hEH(15,7'.),ICM(4),VM(15),TX(I5) EXA 140
COMMON WIOT ('4,15,) WPATM(58 ,15) ,TXRY (6A) Ext 16n

COMMON AlSC(4,600,FXTC(4,(.0),VXO(40) Ext 160
COMMON /EX~rTt/ VxC4OJ,ýtRUWXT(40,4),RUROFSRS4O,4),UReEXT (40,A1), Ext 170

CURBAPS(40,4),CCNFXTr(40,4),OCNABS;(40,4),TRCEXI(40,4.),IROASS(40,II, EYt 180

2FGIEXT(4") ,FGltPS(41) ,FG2EXT(40) ,FC-lxtS(40) Ext 150

A,BS5TEOT(L.CI,RSTAN'S(4X),AV)EIT(40),AVOABS(40),FVOEXT(40 Ext 200

4),FVOAPSý(401,PMEEYT(40),OIEAPIS(k0l) Ext 210

PIMENSION PM
7
CNE 1k) E )t 220

OATh PZN()TiA/.7.t.9. Ext 230

PRINT SO, (ICN(I),I=i,'d, Ext 240
CALL EX(TnTA Lot 250
00 6i 1=C,40 Ext Z00

5 1X0(Ih=VX?(I) Ext 270
11=1 EXA 260

IF (IHO'r.EC.?) T1=2 Ext 200
00 81 M11l,4 Ext 7(c

ITA=ICH (N) EXt 710

ITC=IC~l)-' Ext 320
WRHrW(i 5) Ext 310

IF (C()O..Mt1NC)WRW10O. ExA 340
C THIS COOING, COFS NOT ALLOW TROP RH DEPENDENT AEOVE 0(1(7,11 Ext 360

C DEFAULTS TO TROQOS'PHERIC IT 70. PERCENT Ext( 361

00 15 I=?,'- Ext 70

IF (WRM.LT.FMZONE(T)) GO TO 15 Ext 100
10 CONTINUE Ext 300

1-4. Ext 4C0

15 TI=I-1 kyt '.10

IF (WFH.GT.C'.T.ANO). NP.LT.9S.2 X=OLCCý(ioo.0-WRH) Ext 4 2z0
xi=ALOG(iCQ.P-RW7'1Nr)TI)) Ext 430

Y?= ALOC Hoc .0-RHZONE (I)) Ext 440.

IF (WRH.C.C.99.0) 0=X2 Ext 450

IF CWRH.LE. 0.0) 0=01 Ext 460

0D 80 N=1,4.0 Ext 470
ABF3SC(M.N4)=0. Ext 4E00

EXTI (M,NHO . EXA '.9C

IFUTTA.GT.E( C0 ToQL5 Ext 5xo

IF(ITA.Lf.0) CO TO 80 EXt 5io

C RH CFPFNDENT tAflrSOLS Ext 520

GO TO (2,C2,57,5,ITA Ext 510

20 Y?OALOC'(RUR9YT (N,I)) Ext 6E40 I
Vl=ALOG(PII6EXT(N,FT)) Ext 560

72=ALOrG(RURA8l(N,I)) EXt 56il

ZCOALOG(RURtBS(N,TII) Ext 5io

G'O TO 4') Ext see
2 5 Y2=ALOG(OCNF0' N,TU) Ext S50

Y1'ALOG(OE'NEYTU4,II)) Ext E0o
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7?:ALOG(CCNA$¶(N,T)) 504 (t0

Z1ZALOG(OCNAPS(N,It)) 504 620

GO TO 40 SEA 630

30 y2:=ALOGOIUP"lEXT (N,! I)I LEA 640
V1 =AL0G (UP8FT TIN,TT1) EXA 650

72=A10G(UFBAf!S(NI)) SEA EfO
711AL0G(UP*A15 (N,!!)) EXA 670

Go TO 4ml LEA E40
35 Y22ALOC(TrOFXI(N.I)) SEA (So

Yt±ALOCITROE)(T(N.T!) EXA cCO
72=AL0G(TK0AB5 (N,T)) £04 710

ZE=ALOG(TROABS(N,TI) F SA 720

40 y=Yj+ (V!-VI),'(E-Xt )/ ( 2-Xt) SEXA
76=71+(7?-Z)0)(X-XIIIf(X2-X) £04 ?.C0
ABSC (M.NIZE EP( 7K) SEA 750

CKTCPIN) =1)((Y) SEA 760

Go To 80 EY4 770

45 IF (ITA.C,T.14) GO TO 75 504 100

IF (ITC.LT.I) GO TO $0 504 190

GO To (,;C,55,60,65,70,65,70), ITC 04 8000
50 A8SC(M,N)=FGI 095(N) 504 W0

FXTC(M,N)=FG1FOI (NI 504 020

Go To 00 SEA 070
535 hvsC(m,N)~rG2AQs(N) 59* 840

EXTC(M,N)=FG?CXT(N) 50* 050

GO TO 00 20 060EE

60 47000m,N155!0S('II S64 870

EETC (M, N) =tRTTEXT (N) SEA Ego
G0 TO 00 56* 890

65 ARS C(M, N) A V0APS (N) £04 S00
ExIC (M, N)=AVOEXT ('0) 504 910
Go TO 00 264 920 I

EXTC(M.NI =FV0RXT(N) 524 940

Go TO SO £04 SSO

75 ApISC 0N,N) =flWE09S H) Sot 560

EXTC(M,N) =DMFEXT(N) 594 570

00 CONTIN[Wt 504 550

$5 CONTINUE 524 590

PRINT 95 514 1000

C PRINT 100, (V02(N),(EXTC(1,NO,ASSC(M,N),MZI,4),Nti,400 514 1010
RETURN 500 1020

to SEA 10O

90 FORMAT (7H 0CM ,4101) 50* 1040

55 FORMAT (40 H r X-NCT C AN D ABSORPTION COEFF ICI ENTS) SEA 10 50

100 FORMAT (F10.4,AFIO.C5l SEA 1060
END SEA 1070
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SUBROUTINE E6TOT1 EXT 10
C EXT ;0
C AEROSOL FTINCTION AND AR3OPPTION DATA EXT 30
C EXT 40

COMMON /EYTPTA/VX2(4P),RUTEAT(40,4),RURAOS(',0,4),UReEXT(40,4), EXT s0
IURBAOS(40,4),OCNEXT(4O,),ODNABS(40,4).TRCEXT('0O,4),ROAOSt40,4), EXT 60
ZFGIEXT(L.0),FGIAOS(.)0,FG2 :XT 40) ,?FG2OES(0o) EXI 7D
3, eSTEXT(40,•,STAPS(-0b)5V7EXT(4,),AVOO4•0S(40)PFVOEXT(40 EXT 80
4),FDOAk'S(40),UMEEKT(49),DMNAB'S(40O EXT c0

DATA (VX2(0),T= 1, 0) / EXT 100
* .2000, ."o000,.3371, .500, .6943, 1.0600, 1.53E0, EXI 110
* .O000,P ?.7500, ?,SOO, 2.70009, 3.0COO, 7.3923, 3,TSO, EXT 120
* 4.5000, 9,000a, r.500o 6.0000, 6.2O0Y, E.9910, 7.2000p EXT o•0
* 7.9000, PT0 a, 8.7C0]1 9.0000o 92000, 10.0.000, 10.59101 EXT 140
"* 11.0000, 11.500', 12.5000, 14.800?, 15.0000, 16.4000, L7.2000, EXT ±50
S18.5000, 21. 300, ?5.0000. 30.01]00 40.0000/ EXT 160

DATA (RUREXT(T,1) pT=1r 41)) EXT 170
1 2.09291, l.44r'2, 1.506500, 1.0000P, *75203, .414;43, .2407C, EXT 180
2 .1470q, .13304, .1234, .13247, .1196 , .10437, .09956, EXT 150
I * 09195, .* D.409, ,0760 1 .D70 ?7, .07089, .071996, .07791, EXT 20O
L. .04481, .04390, 12184,.1p668,•. 12829, .09152, .08076, EXT e10
5 .07456, .0688P, .16032, .04949, .0s854 .0EE00 .06962, E xT 220
6 .05722, .090QX¶, .05177 , 04589P, 04304/ EXT 2O0
DATA (PURFPrT(t,2) ,I=t, 40)/ EXT 240

1 2.09544, 1.74161, 1.59S81, 1.000000, 75315, .42171, .243 3, EXT 250
2 .C10P, V1608, .12430, .1'222, .13823, 11076, .10323, EXT 260
3 097r, .08726, .98070, .07639, 077979 .07576, .o7943, EXT Z70
4 .08•99, .04r25, 12165, .12741, .12770 , .OqO32, .07962, EXT 280
5 .07380, .0608a, .063295 ,0791 , 0664f, .06639, .07443, EXT 290
6 .06304, .0`443, .0553 , .04867, .04519/ EXT 300

DATA ORUPEX(11,3) T=1, 40)/ EXT 310
1 P,0708', 1.7145f, 1.5796?, 1.00000, .76095, .4322I, .25348, EXT 320
2 164r6, .14677, .13234, .13405, .20316, .128 73, .1506j , EXT 330
3 ,104A1, .09709, .0919, 009330, *09709, .08791, 3J86u1, EXT 340
4 .Ub64', . UTY'I1, .11905, .17595, .12348, .08741, .07703, FXT 3'0
5 .07266, .07044, .07443, .08146, .08610, 00•663, .08962, EXT 360
6 .8 051, .00677, .06640, .05727, .05184/ EXT 370

DATA (RURFX( ,4) ,T=1 , 40)/ EXT 300
1 1.66076, 1.4'886, 1.40139, 1.00000, .806t2, .5E995p .32259, EXT 350
2 .23460, .21777, .18532, .17365, .25114, .20006, 17306t EXT 4 0
3 .1613g, .15424, .14557, .16215, .16766, .14994, .04032, EXT 410
4 .12966, .12601, .1351 , .13582, .1322, .11070, .09994, EXT 420
5 .0987 , .104t8, .1 3241, .15924, .16139, .15949, .15778, EXT 430
6 .15184, .14S, ,12563 , .11076, .09601/ EXT 440

DATA (RUPAP'l4,i) ,101, 40), EXT 450
1 .67196, .11937, ,•0505, ,05930, .05152, .0-5816, .05006, ExT 460
2 *0191, .*023F0, 02101t, .05652, .02785, .01316, .0086?, EXT 470
3 .01462, .01310, .01627, .02017, .02165, .023e7, .03578, EXT 480
4 .02623, .0396?, .0677 , .07285, .08120,040F2,. 03177, EXT 450
5 C?2557, .02342, .•20•7? .02627, .03943, .0311k, .036q6, EXT EOJ
6 .02955, .?7300, ,.3241, .63297, .03380/ EXT 510

0ATA (RUPA7(I,2) .1=1, 40)/ EXT 520
1 .29601, I101. .7C71, .06380, .04684, .0a5 336 , .046±4, EXT 5 16

2 ,01829, .Io8qy, c7196?, .C5525, .06816, .01652, ,o06?7 EXT 540 I
3 .015414, .fl)37 T, .n6?7,I .028q52, .0282 9, .0243 2, .03487, EXT 550

S78x8;, .01854, .6684, .07272, .08038, .0397, .03247 , EXT 5bO
..02916, .02861, .90101, .03741, .04829, .04032, .04399, EXT 5U

6 • ?73;4 .0P9569 . 601 , .0357? .03563/ EXT 580
DATA (RUPA9F(T•,) 1=1, 40)/ EXT 590

1 .518993, rere, .'5815 , .01,082, 03570, .04158, .03620, EXT D00
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2 .aosiO, .001481, .01633, .05278, * 13E90, .112494, .00806, EXT 610

1 .0180 4, .15012,.01F7F ,.04816,.0' 676?,.03013, .33443, EXT 620
4, 02930, .005672, .0(2095, . 36911 , .P7475, .03092, .03494 , EXI 830
5 .0751l, .N1960, .05152, .062A1, .06qV, .06203, .a6215y EXT 640
6 Or 614, .052?0; , C 4608 , .0415ý6, .0419g5/ EXT c-50a
CAJA (.RuXA0S(0,'.1 ,Il, 401/ EXT 660

1 .2194N, .7Z846, .01943, .01t34?, .01171, .0i4!7, .01323, EXT E 70
2 .01152,.OL69ý, .01329, .06108, .24E90, .05323, .0j630, EXT 6580
3 .03361, .02949, .02652, .09437,.08506, .0-340, ,a4627, EXT E50
4 .04361, C04557, .0'58380, C57i5, .058995, .04861, .05253, EXT 7 00
5 ,061ri, .07437, .00152, .12019, .12190, .11734., .11411, EXT 710
6 . 10766, .09487, .08430, .07348, .06861/ EXT 720
DATA (URXEXT(1,1) T =T1, 4.0/ EXT 73U
1 I.eMo1s, I .6312qt6, 1 1 es7, 1.0 00 0 0, .7?78 5, .47095, .30006, EXT 740
2 .2119?, .1 605, .17806, .1f127, .16133 , .147635, .14000, ExT 700
3 .1?71 ',,.118eO 1lI1234 , .10 601, .10500 , I.r 3 1, .10342, EXT 760
4 nf8766. .0 66' 2, .1193?, . 12 10 7g 12 P9 7, .057, .09057, E XT 770

5 8; 9; q, *08' 96, *07563, .06696, .07209, .060142, .0717?7, EXT 7800
6 *05-354., .0817, .05373, .04728, . 04051 / EXT 790

DA TA ( URB7X T(17 I ,0.1, 40)0/ EX 80
iI1.9rr,8?, 1.64994, 1.63070, 1.00000, .77614, hc66lg, .2G0687, EXT M1

2 21051, .189'4!, .17285, .17209, .211.18, .153554, .i4041, EXT P.2 0
.12728, .11b66, .11V83, .11329, 101323, .563 , .1 02471, EXT 0320

4 .08696, .0 360 , .12013, .12 P414h, .1230;., 0961L., . 08842, EXT e040
5 .00487, O.0'?85, .78361, .08430, .08800, .0844.9, .08601, EXT 000
6 .07835, .0 ?32 N, c6367 , C65500, .04747/ EXT 810
DATA (U!ZSEW1(1,lb 1=1, 40)0/ EXT 070

1 1,964130, 1,64012, 0.q?392, 1.00000, .77209, '46Z53, .20650, EXT $800

2 .20310, 17qF'l, .16101, 15614, .26475, lq4F6, .13563, EXT 89,i
3 .1 ? 1 ~ .1115r, .10500 W, F .17 .11253, .10792, .09766, EXT 900o
4 .08441, .080057, .10941, .1134?;, .1106!, .08703, .08005, EXT 910
5 .078b6, .0803?, C9101 , .5007!, .10386, .0994!, .09801, E XT 520

6 .0U51'52, .08e24w .57150, .06089, .05253/ EXT 3C3
CEoTAn OUROSOT1(01, 4 10=1, 40)/ EXT 940

1 1.41266, 1.33A16, 1 .2911k, 1.000P.0, .836116, .55020, .35342, EXT 560
2 . 25285, Zi1576, .183V10 , .16211, . 7754 , .21494. .1666g., POT 550
3 is47761 j5Ž .12543, .15525, .15009, .13513, 1241,81 FI XT 670
4 . I1±7 9, 10149 4. .1I14487, .11329, . 11108 . .05951I1., .09209, EX T 980
5 .09342, .101,20, .13177, .115556, .15746. .151, i5203, l~oT sea
6 .1453?, .1A038, .W175, .10411, .093101/ EXT 1000
DATA (URPA9S(T,1)T 1=1, 4.0 )/ EXT 10 10

1 .7604T37, .509/S. 5.1428 5, . 36,184, . 29222, .20806, .156;8, EXT 1020
2 .123?29, .J1452, .10747 , .11797, .10025 , .08759, .0u0104., EXT .030
3 .07506, .07006, 16C741., .04501, ,Q5 064 49, .06665? EXT 1040
4 . 06271 , .06949,.IT ?16, .0G746 2,. 00101, .05753, .05272, EXT 1050
5 .04899, .04r3'., P .01,94, .0444 7, .05133, .04348, .04443, EXT 10 60
6 .0U3994 , .13981 035i33, .03468, .931416/ EXT 10700
DAVA CUR91 ýStl,7) ,X=1, 40)/ EXT 1180

1 .6907F 456, .(,516G, .797'41, .24070, .17359, .13146, EXT 1O05
2 . 10''4, ,U 5A, . n;025 , . 10411 , 1.5101±, .07880,O .06949, EXT 1100
3 .06' '0, UC60Q1, .05829, .07171, .06797t ,0;9 715 .06, 13, El? 1110
4 .055b9, .06051, n'71333 .07454, .07556, .05525, .05,184, EXT 1120
5 .0508 3, V7529i, .- 588S , .06 38C1, 106880I, E- .i2 7, . 06019, EXT 1130-

6 .055;29, .05070, .04,500 , .6412'6, *037411t EXT 1141
DIATA M119P'S(!,7 =1 ,1, 410)/ 101 1180

I .550 408, .'17101,J '3 '34 .21 949, .17785, .17968, .09354, EXT 11-50
2 .07P84, ,37161,.06791, .08561, .19639, .01722, .05316, EXT 112
3 .0531F4, .04t06, .04670 , .07570, .06699, .05291, .0510;., EXT 1100
4 .04734, .fl076 I00., .06570, .068L,(4, .048S2, .04797 , E;X T 1190

5 .05057, .0566 5 .071,77, .08055, .08~11 C77218, .072)5t EXT 1200
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6 .06856, .5219, .05F22 .0o65,5 .04171/ EXT 1210
OAT; (IJR.5P 9 ',4 TzT, 42) / EXT 1220
1 .01V7, .32030, .0901rI .I57, .04671, .024, 7. 02133, EXT 120

.075S, .OQ) , ,07056 .06261, .26690, .0 810, .?2285, EXT 1240
S.0810, .0338, .OXO04, .09627, ,.05557, .0465 , 5.576, EXT 12S5

.049? .044, .04E6 571, 07 91, .0461,A 04684, .1 77 EXT 1.260
S*0616, .07445, .o05 ,1211 A b 12177, .1173. .1•305 , EXT 1Ž70

6 .10600, .001?, .000963 .06965, .06475/ EXT 1280
CA T;A (OC (Xl(I,11 , I=1 40)U EXT 129n

1 1. 475'S 1.3214, 1.261i, 1.00000, .88 133, .702S7, 56487, LOOT 1300
2 .46096, .4-44, .38310, .35075, .42266 .32278, .288 10, EXT 1310
3 .24955, .21184, .1674, .14791, .21532 .1-076, .12057, EXT 1320
4 •10 0 1, .10703 , 15070 .156, .14639, .10228, .003E7, EXT 1330
O ,07373, .CF8?-, .15044, .04373, .04962, .0F158, .07703, EXT 1040
F .0717564, a.F(297, .'68 ,48 .0532-, U 0824 1 EXT 1'50

DATA (OONFXT(T,7I 10=1, 40)/ EXT 1160
I 1,369 7, ?,•7S44 1 05,1 .2?0 f35,1,00 , 0 91367, .77089, .64987, EXT 1370
2 5 L54ti .0 27 , .450350 .38209, .,0580, .4376E, 380076, EXT 1303
3 ,316q8, .?4', *?'215, ,71019: *27570, .2"057, .15949, EXT 1390

S.14256. .I'715 ,14544, .1708F, .16075, .1115, .09759, EXT 1400

5 09216 , 093', ,Q63/ ,j7STT, .13000; .10 .14251, EXT 1610
6 1351 °114?' .n965f, 208291, .10340/ EXT 1420
CiAn (OCN0XI(i,3) ,11, 40)/ EXT 14•0

I 1.2 ?•9, j.1477, 1.11042, 1.00000, .94766, .75-8, .80410, EXT 1440
2 * 77?95 ,65I. Ff7" .5ý-2160 , .49967, .67949 , .6f5460 t, .592F3, EXT 1450
3 ,4-551, .446-1, . 7886, . 3974, .43367, .- 7019 , . 0042 EXT 14EO

4 ,2657, .76772, 74905, .23937 .2276E, .17004, .15316i, EXT 1470
5 .16070, .167ql , ?2361 , .2838, 28677, .29082, .29038, EXT 1680
6 .27811, .73067, .20209 , .16400, I.1943/ EXT 1450

CATL (OCNFYT(I),.) I=1, 40) EXT 1500
1 1.0q13 3, 1. 26E'11, 1.05620, 1. 000CG, .97500, S4721, .94200, EXT 1510

. o7671 , .92867, .90t11, .80253, .09222, .94662, .92146, EXT 1520
3 .8179, .X82 'Q, .'b47 , .46W', .78209, .72266, .68658, EXT 1530
4 62 7'3, 9 6?Xe, .36335, . 2723, 518a6i. .4744C, .37196 , EXT 1540

5 .31;5q, .7316, .44685k, .5822•4 .58590. .E(3 , E*ar . FXT t Sr
6 .6053 n 6 g 7 q -0767, .43576, .35945 q EXT 1560
CITA )OCNJX9c(1,1) T3I1, 40) / EXT 1570
1 198 f97, 01 1 r, .0?OoX 6 , .01797, .01469, 0 756, .01502, EXT 1080O

2 .0080,1 .014-6, .2177 I0!310, ,03380, .00715, .004430 EXT 1050

. 00ADO, OC6AI, n07,3 nsS5, .02943, .0099o , .0136?, EXT 1600
4 0167 , .?35'P, .03481 .034C5, .03101, .01408 .01310, EXT 161n
5 .21V=2 ,t1X2, . '1070 C15516, 0,063, .0317, .03615 E0X 1629
6 .0T' 41 , k3i0,v._ 372) ,.04209, .c?8921 EXT 1630

2AT0 (O)CNA8S(I,) 1=:1, 43)/ EXT 1640
1.73'S?, .0XL27, 9C2070 , 01297, .01060, 3 01285, 0109., EXT 1650
7 .0t O', 10091 .. u155 ,. 055/6 , .23487, .0'969, .D0905, EXT 160"0
3 . 20',7 , n151 6, 01665 , 00?25, .080a.L , 1677, .03119, EXT 1670
4 .0710,. 0376,,0 04,, .0 432 0, .04715, .03605 , C3t14, EXT 1660
5 .0432 ,44, .3'9 21 . l, . 977F .ICC575 , 002 47 , 1n222, EXT 1650
6 .09361, .0 171, ,07150, .06,06, 099203/ EXT 1700

CATA (0CNný5(I0,3 3, T 40)/ EXT 1710
1 .13e05, .7r17, .1713, .0e64(, 10053?, .0P665, .00722, EXT 1720
7 O .011, W?0T28, .11810, .0g90• ,7'329 , 07TO3, P19680, EXT 1730
3 .051¼., U 3.O4?, .- ', 5 , .1141--, 16458, OF5785, .06 &00, EXT 172 0
4 .CF-5P, P,6791, ,.7L5?, r7329, .07449, .07025, .17962, EXT 1750 0
S *lQ059,9 .12-b1 7 . ,756 .2519, .22220. .220518 ,21595, EXT 1760

4 .73?U' .17270 5,.142F77 ,.12171, .12430/ EXT 17 70
0AT1 (OC1A19SI01.) I=1 ,6 0) EXT 1780

I P3501-1 .0•T7, .0215, .0135, .00114, .0D171, .00V12, EXT 17502 °0 00 7 ?1 .Pill ,l ,037 .,1 .20101, L. 76D8 , .21t(5 , .052 34 , F VT 18 00 '
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3 .02885, .11215, .09684, .2�810,0 .1778, .20510, .16658, EXT 1810
4 .1599" .0584, .1590q, .1598, .16051, .16506, .18323, EXT 1820
5 .21709, .?56r2, .'3222, .39639, .39854, .40297, .400259 EXT 1830
6 .39075, .2540e, .3210, .27715, .25348/ LXT 1840

DATA (TROEXT(T,5) I=1, 40)/ EXT 1850
1 2.2122?, 1.F2717, 1.67032, 1.090000 , 72424, .3U272, .15234, EXT 1660
2 .05165r ,.0 306ý1, .12994,1 .D467i, .0246.2, 8:15 30, .01146, EXT 1IaJ
3 *012-R?, ,00816 , .00861, ,00994, 01057, *01139, .0174?, EXT 18e6
S.01494, .0'1F, , . 03165 .013e6, .04247, .01601, .01215, EXT 1890
5 .009'7, .00861, .0823, ,01i19, 019 4, .01234, .01348, EXT 1900
6 .01114, .01n7, .' 12r66 .01418, .014871 EXT 1910

DATA (TQOEXT(I,) :=1, 401/ EXT 1520
1 2.21519, 1.2256, 1.66557, 1.00000, 72525•, .35481, .15449, EXT 1930
2 .05475, ,04•44, .03082, .04620, n05272, .01867, .01266, EXT 1540
3 .011?', .0U855, .05858, .01449, .01399, .01228, .01728, EXT 1550
4 .01471% .T025, .3•15, .03494, .04285, .01652, .01304, EXT 19Oo
9 . Co±3i, .01120, .- 1297, .01793, .02468, .0124i, .01766, EXT 1970
6 .0151', .0154Y, .0145F, .01512, .01382/ EXT 1580

DATA (TF:OOXT(I,I) ,T=I , 40)/ EXT 1550
1 2.19Of2, 1.7ý4hz, 1.64 46, 1.00000, .73297, .36443, .16278, EXT 2000
? .06468, .54E54, .P''99, .04538e, .1592, .02835, .01646, EXT 2010
3 .01 5 6, .01076, .00965, .025ý:, .02222, .014E8, .01490, EXT 2020
4.01437, .01914, .0312r, .03513, .04076, .01722, .01513, EXT 2630
5 .01519, .01791, .02538, .03272, .03816, 007028, .02086, EXT 2040
6 . 02',1, .02722, ,01937, .51804, *01791,' EXT 2050

DATA (TqOEXT (1,4) =1 , 430)/ EXT 2060
1 1. 75696, 1.5482q, 1.45962 , 1,00.00, .7816 , .47129, .21778, EXT 2020
2 .11329, .00101, .05506, .04943, .25291 , .0616, .03703, EXT 2050
3 .0?601, .0196S, 16M• .049E2, .04247, .02224, O0A797, EXT 2030
4 .015'2, GW16'7, .02259, .C2487, .02595, .01728, 01892, EXT 2100
5 .0239q, .032247, 05285, .06402, .06608, .059380 .05525, FX1 2100
6 .04861, .01753, 02068, .0234P , 021655f EXT 2120

OATA (TROA1(lcio•) ,I=1, 40)/ FIT Ll30
1 .69671, . 0 9 9 0, .f6553, .04101, .03354 .07627, .02810, EXT 2140
2 0F00S73, .0091e, a00930, .03215, .01285 .00513. .00316, FXT 2150
3 .00557, .004,. .n06, 6 .00847, 0037, .01025, .01646, EXT 2160
14 01481, .S2418, .n2885, .03070, .04032, .G154, 01t39, EXT 2170
5 .0077, .OCt h, .0079T, .01131, .01911, .01215, .01329, EXT 2180
6 .01101, .012ql, .'1126E, .01418, .01487/ EXT 2190

DATA (TROOSS(X,2) ,T=1, 401/ EXT 2200
I .6055 .08795, .05816, .03652, .02994, .03278, .0255?, EXT 2210
2 .00810, .0P?5?, .00867 , .03139, .03949, .00646, .00316, EXT 2220
3 .0059, .0051q, .204.6, .±304, .81247, .01095, .01620 EXT 2230
4 .01449, .02?78, .02930, .03184, .04063, .01544, .01234, EXT 2240
5 ,01044, .0107, .01272, .01741, .02462, .01722, .0174?, EXT 2250
6 .01506, .01051, .1456, .0153 .01582/ EXT 2260

DATA (T'08'S(I,3) ,I=1 , 40)/ EXT 22f3
1 .52804, .0636?, .94155, .02633, .021•4, .024, .01937 , EXT ?20
2 0065?, .VC64b, .n0709, .02949, .10013, .UC968, .00310, EXT 2250
3 .00677, .OC 58?, . 045, .6 02381, 801594. .012F6, .01544, ET 2300
4.01356, .01940, .IZo.6, .03203, .03894, .01420, .01469, EXT 2 10
5 .0140z, .01747, .r2913, .03253, 03 .70015, .028E1, EXT 2220
6 02535, .°0221, . 193J, .C1757, .017911 EXT 2330

DATA iTLUAAPIs 1 ,1=I, 45U/ EXT 2340
1 .1989 , .01 47, .01215, U00791, .00464, .06725, .0065?, EXT 2350
? 00 .61, .0024', .00393, .C2570, .20690, .oi715, .00316, EXT 2360
3 .008'3, .007?8, .(0658, .04480, .03525, .01646, 01/405 , EXT 2370
4 01311 .0 06B, .019- , .02IS4 .02367, .01608, .01816, EXT 2380
5 C 234 ', .93703, - 5234 , .06399. .06538, *0586e?7, 05456w EXT 2290
6 .04811. ,1Q71j, .2949, .02335, .02158/ EXT ?L. 0
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DOTA(FGiFXT(I),,=T, 49/ EXT 2,10
L .9e il9, .51I, .89089, 1•.0000, 1.00576, 1.01747, 1.03tT7, EXT 2420
2 1,0414A, 1.0469F-, 1.05323, 1,.5a86, 1.0 94q, 1.06a23, 1.0780., E60 3230
3 1.09271, 1.13•67, 1.t1686 , i.1430, 1.11567, 1.120 1.Age49?, EXT 2440
4 1417219, 1.102781, 1201337 1.21266, 1.21949, 1.22677, 1.16S589, EXT 2660
5 1.056e4, .98201, t..'I1O2 1.10911, 1.1146Z, i.14671, 1.16247, EXT 24E0
6 1.10544, I.21582, 1.42164, 1.28642, 1.2rOa0O/ EXT 2470

DATAoFb S(l)I),1=1, 14)/ EXT 2400
1 .00013, 0.00000, n.00000, 0.00000, 0.00080, OV0095, .31513, EXT 2490
2 .104601 ,.V8q A.-37? ,.471?, .49696, .47E5, .17191, EXT 2500
3 .37373, .14601, 71867 , .65190, . 5025 , .4987, .46342, EXT 2510
4 .4r94-1, .4918, .46089, .46241, .46386, .4719E, ,489 6, EXT :t2b
5 .51466, .5'101, .55256, .5e665, .8099, .60361, .610S8, EXT 7930
b .6233, r,41?0, . 6r6t ,.66278? , 6r92/ EXT 5140
OATA(FG3EXT (IQI=, LO )l/ EXT Z550
0 .94791, .9E215, . q9763, 1.DOO0, I. 00937, 1.05177, !.to519, EXT 26 E0
2 1.29570, 1.3-203, 1.41120, i.0471r, 1.10816, 1.43U5, 1.45272, EXT 2±70
3 1.10709, 1,54367, e02354, .71747, .52406, .79342, .60206, EXT 2500
4 .47677, .43171, .°6734, .332•5, .31164, .241n6, .21601, EXT 2690
5 .24006, ,2P816, .42671, .5661i, 5726b6, .5809t, .571659 EXT 2060
6 .54247, ., '91, . 34L75 .?4905, .19291/ EXT 2610

DATA 1',ý2ADS(I)Tl4 1 ' 6'), EXT 2620
1 .oooo000, u.0oo0, 0. 10000 0.0o00a, o.0000, .0c013, .00Z47, EXT 2630
2 .019P7, .0020, .13323, .17209, .579't, .1981c, .03475, EXT 264±
3 .09643, .00000, .06582, 34939, .32703, .170F5, .12633, EXT 2650
4 .ii31 A , .1 16 17 . 1'163 , 11558 ? .0116011, .16!225, .144E8, EXT 2E60
5 . 1631, .74067, 1511, .4488h, .45095. V42105, .44278, EXT 2070
6 .417715, - 4432, .7e23, *21063, 1767S7/ EX' 20e0
0AT70ISTEYT (I), I1, 4.)/ 6X0 2690

± 1Ae.40671 , 1.66 462?, 1. 16 100ý, 1.00000, 7063), .286f7, Oq9994, EXT 27?00
2 40s44, .0270. *nl 04 ,8 .1335,- .05613, ,Oe30, .06532, EXT 2710
3 °04766, ,G3278 .35861, .C5367, .04392, *03342, .04456, EXT 27?0
4 ,18i68,, .14'30. .1 7734 .02391 .087786, .ul1 ;. .04070, EXT 2730
t, 06734, 0•.07f, .919251, *.01892, *313956 0360±, .04152, EXT 2760
6 .0171S, .00160, .00836, .00633, .07586, EXT 2750

CATA (OSTA9S(Xh I=I, 40)/ EXT 7760
1 0. 00000, 0.02000, 0.0O00, 0. 000CO, 0.00000, 0.00300, .00019, EXT 2770
2 .001ý7, .00198, .30291, .0040, ,05880, .Gr-q0 , . 0609 , EXT 2780
3 .04119, .0-'3k, .05703, .05266, .0ý904, .03265, .04437, EXT 2790
4 11A,1 4 .1433, .12639 , 09216, 00722ý, .0496, ,04044# EXT 2800
9 .05709, .03F¶, .91962, .016aq02, ,0094 .0366.5, .04146, EXT 2810
6 .01 70 .11620, .oe63, .00633, .00589/ EXT 2020

!iATA(AVDOFXT(I),I=I, 40)/ EXT 2P30
1 1.14880, o.0

0
1o, I 1801, 1.000900, .84073, .57019, .27968, EXT 2840

2 146561, .110O0, .-8133, .V10, 4 06076, 0 r0, 0339g, EXT 2850
3 o020qq .01?t-, .01266 .0100,9 .00994, .01064, .0136 , EXT 20eE 0
4 017Q0. *02170f, C01218, .0310, ,03234, .03656, .03.684 EXT 2e70
5 .c277', .02471; ,01715, .01663, jOIF6±, *Olt 0 J .3734, EXT 2000
6 .•77', .0 070, .01051, .0113', .01029/ EXT 2090

DAT(;,VoAIS (I 1:n:1 4")! EXT 2S00
1 .44816, .012S9, .,00 .05272, D040 0.0-44, .01467. LXT 2910
2 .010108 .0104', .J042, F.0842, .00949, V 0741, .[1048",', EXT 50ZO
3 .0031 .4933'i, .'029ý, .0044n. .00o52, .06c66 .01114, EXT 2530
4 .016r, ,020tr, .52037, 02 . U, .02658, .0V006, .0?8;I, EXY 7960
6 .026Ii, 07?2I-, 1 -i120, .015?2, .01E33, . 0ý620, ..179, E XT 29650
6 .001764, 1000-T7, n.1Xa018 .0112?, .01329/ EXT 2600
D5TAIFVTEFXT I ), I= ,640)1 /965 2970

I .671 , .92'3, .0401.3, 1.00000,. 1.03013• 10 .5' 1.01• 71, E1T 2980
? d86471,.25? .767361, .'15f!, F07414, 099 .55057, EXýT 2090
3 .662??, .7T64r5, ,2316, .2*519, .22728, 705s25, .17810 EX0Y 3000
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4 .1.448, .14152, .'7E33, .44551, .44405, .42222, .3F462, EXI 30100
S .32551, .275119, .16128 , .10627, .lO~rI , . r'RXI, .16655, EXT 3020
6 .13127, .10110 , .5855? , .06411,9 .05741/ EXT 3C(10
DATA(FVOX8PS (1) ,T=I, 10) / EXT 3U40

1 L.4158?, .77897, .19108 , .144E8, .12'r75, .09158, .06601, EXT 3050
2 .04910 , .043F,7, .04342 , .04399, .05 076, .0&133, .02829, EXT 3080
3 .0192 4, .0198301, .12 297 , .02475, .02778, .03411, .0533!, Ext 3070
4, .0713s1, .009 16, t15 347, .1850 6, .19154, .20751, .18449 , EXT '3 080
s .16101 .13!79;, .08493, .05886, .07278, .07367, .0795b, EXT 3090
6 .0C8785, .0(E032, .-5747 5 .213 3, .05123/ EXT 3100
CAT1CDMEFXT I(T),T'1, 40) / EXT 3110

1 1.05019, 1.05880, 1. 0;2S99 1 .000 00, .9L449, e!4EE, .46051 , EXT 3120
2 .54 3e0, .41131, .44E-77, .41671, .38063, .3Z4778, .32804, EXT 3130
I M 7722, ? 7506, ? 5082 , .2262G, .21652, .20253, .17266, EXT 3140
4 *14909, .14714. * ¶4087, .ý05057 , *16799, .23608, .24481, EXT 3 150S
5 .27791, .7,076, 1 i5272 , .09601, .09456, .145 76, .12373, EXT 3160
6 . '14834, .121530, .12924 , .08538, 06.100/ EXT 3170
DATA (DM1875 ý ) ,=1'5, 40)i EXT 3180O

1 .08061I, .9 Il0157n.0184 ,. 00" 0, .00791 , O01e2S9 .03/728, EXT 1190
7 G6148, .'71o308, Q1 8943 , .100-1, .11t14, .13310, .14340, EXT 3200
3 .14673, .17-728, ,124L6?, .1116 4, .107B9 , .1'076 , .0900o6 , EXT 3210
4 O00734 , .0qm0, 10704 , .11905, .13437 , .19i551, .20095, E XT 32 20
5 .22404v..10415,.r9235,.0E6E5, .E6823, .12329, .10551P EXT 3230
6 . 16,164, .0501'5, 6.10582 , .5,6759, . 03 247i EXT 32 40
RETURN EXT 32'0

Ccc EXT 3260
rCC ALT ITUOC RE GIONS FOR lEPOSOi. EXTII6TICN COEFFICIENTS EXT 3270
CCC EXT 32M
Ccc EXT 3290
Ccc C -?K) EXT 33 00
Ccc RUR(XT=R0080 FXTIM4CIION RIJRAOS=SIJNAL AFSOPpTION EXT 3310
CCC URDEXT=UOB8N FX1I9OTOON UJRBAR~rLJRAN ABSORPTION EXT 3320
rcc OCN(X1=MAI4RTIMC EXTINCTION OONABS=MARITIHE 8eSORPTICN EXT 3330
CCC TrflTXTflROPSPWER EXTINCTION TPOAOS.TROFOSrI6Er ABSORPTION. EXT 3740
000 F'lCXT:FOCIl .7K 21 EXTISCTION FG1AES=FOG1 ABSORPTION EXT 7300 W
COO FGEFXTrFOG

1 
.5KM W11 EXTIt.CTION FG2AL5SzFOG2 ASSORPTION EXT 33E0

cCO >'-qKm EXT 37'o0
CCC TROFXTrTROPOSPHLR EXTINCTION TROABSSTROPOSPMER A9SCRFTIQNEXT 3-200
ccc 9-,n3em EXT 3390
CCC PSTEX TrQAOKf-.POUND SIROEOSPNEXIC EXTINCTION EXT 34 01
oCC QITAD5ýRACKflROUND S ROTOSFNERI0 ABSORPTION EXT 3410
ccC AVOEXT=4GcD UO)LCANI( EXTI6OTICN EXT 34Z0

COO AVOYCA=00Fl VOLCANIC ABSOFPIION EXT 3430
COO FVO00(T=FRE'ý" VOLCANIC EXTINCTION EXT 3440
COO FVOAPS=FREIN VOLCANIC ABSORPTION EXT 3450
CCC >3G-0rýyM EXT 34E0
ccc rCHF2T=MEtfrPIC DUST EXTII\C'TON .EXI 3&70
CCC rMCEAU4F110ERI0 OUST ABSOEPTION EtXE 3480

END EXT 3490
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SU9ROUTINE PATH PA,1

C pVoSrr 1o crc 79 PAT 20
C LOADS CUMULATIVE 055008P0 AMOUNTS INTO THE MATROS( hWAH FROM VLAV PAT 3 0

C FOR THE ATM'OSPHFRIC SLANT PAINPAH4
C USED FO R ArTANCECLCLTIN 

PAT 50

C CLUAIOSPAT s0

COMMON ic00C11 
POPHZTPEPI,1MTMEISR PAAT f 70

I ,TeOUN9,TSEASNTAn FL t,V7HAZEIS 
PA 80PELEm41ptrmjmi,

COMMON ICARC21 MOi4,H?,NGLr,PANCE,8ETA,NtINX,R0 PAT s c
COMMON / CA R rT I voV 2, nVIA VWyC01CCw ,w( 3)t5, E0 5 ) , C AvF I PAT I 00
COMMON /CNTRL/ LPNSTKMAX, M.IjiJ1,JOJMN,JEXTRA,IL,OKMA0,NLL,NPI PAT 11A

I ,IFING,NrL-, I041 T PAT 120

COMMON IMOATA/ i('4),Pc7,54ý),T(?,34),WH(7,34),wc(r,34) PA T i Z0
1, SEASNCO ) ,VULCN (S) ,VSf (9),H7(jiS),WMIX ( 4) PAT 14ý0

COMMON WLA!Y('4,15),WPATHCAP,IRbTPOYC6A) PA . 150
COMMON A@SC0L,,403,FYTC(4,40),VX2(40) PAT 17C
IF (ITYPE.E'T.1) GO '0 60 PA T 100
IF cJo.rC.J2.ANO.Jt.ETý.JHIN) G0 TO 60 PAT 150
IP (ITYPT. ý.O.0NXNI.41EO.H7) JUmJO PAT 2000
OP (P0,OTMI.ANO.ONGLE.CT.SE..ANO.NPI.EC.O.) j1:41-i PAT 2100
OP (JEYTP0.0Q.l) J2zJ2tI PAT 220
IF (119PF. 40.0) .AND. rHi. 0 T.NZ) .AND. (LENSI.EC.1) J2'J2-1 PAT 203

OF (ETYPE.EC. ?) JO=NL PAY 240
Or (iP.5EQ. 0) PrFON' 7C. , Jo~j PAT 050
IF(JP.FO,0]) POINT 79 PAT 260
00 5 1'C=O,&F PAT 270
TPOY(IK) ýO, PAT 200
DO 5 Km1,KMF'A PAT 2000
WPATN(lK,KUO0. PAT 30D

5 CONTINUE PAT 310
LENZ0' PAT ?20
NLL=NL-E PAT 330
OL'JO +1 PAT 340
IJzlL+NLL PAT 35C
CO I0 4:1J,4405 PAT 360
E(0=11.l PAT 370

10 CONTINUE PAT 3800
UIF NL.3.0S Go TO 15 PAT 350
LEN= I . PAT 400
12'40-2. PAT Aid
NPTM:=1. 15-6 PAT 420
I~hNLL PAT 430

15 CONTON~IO PAT 440
00 40 0I<=1, ft PAT 450
I F (L EN .FO.tC, IL'uL- PAT 460
IF (LEN.FC.l1) OLOIL+1 PAT 470
I J.: I J-1 PAT 4800
OP FLOL. EQ. 0) CO TO 40 PAT 490
QC 0 a= ICE,V-A Y PAT 500
14(K)=E(KP*WLAY(1L,E) PAT 513
HPATHCEK,K) =W(RK) PAT 520

2a CONTINUE -AT 530
IF GIOE0O.O.rN)0 To 25 PAT 54.0
T8ARr0(Tt-,It)4I(m,TL+1))-ý.C PAT 550
IF (MtEqT .CANC.M. L T .T) T9A R=(TC:I , IL +TC(MO, I ~t)0 k* ATI 540

CPAT 5/0
c IF (JEXTP0.En.lI EO0RrOT)M,J1I:TOM,JI4lfl'A.5 PAT 55K

25 CONT INUE PAT 550
TS0QYE I~ K)=1p1 PA? 7600
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DO 30 K=1,KMAX PAT 610
E (K) W(K J PAT 620

30 CONTINUE PAT 630
I F (ANrLF.LE.q0.0.BNC.IL.zEO.NLL) Go To 50 PAT 61.0
I F (TTYPF.EO.'.AN.ANLE.LE.90.0) GO TO 35 PAT 650
IF (ITVPF.FC.'?.ANDO.-EN.CO.1._ANo.IL.EQ. J2) GO TO 50 PAT 660
I F (ITYPF.EC.2.8ND.LEN4ST.EO .0.AND.IL.EO.Jl) GO f0 50 PAT 6-70
IF ( IL, TO. JOUN. ANP04HMIN.GT V0.0) LEN= i PAT 680
IF (IL.PO.1.hN¶P.S1IMN.LC.0.0) GO TE 50 PAT E90
IF (LEN.Er'.0) Go TO 31; PAT 700
IF UIL.E0.JP-IN.ANO.IJ.EO.IL+NtL) 1L1IL-1 PAT 710
IF (0TYPE.EO.2.ANO.IL.EO.J2) GO ros5a PAT 720

!5 CONTINUE PAT 730
IF(JP.EO.0)FRINT go, IK,(flPATH(IKVK),K:1,8I,WPATH(I6C,l0), PAT 740

1HPATIHTIK,II) ,T8Syc TI) PAT 750
40 CONTINUE PAT 760

IICHAY=RS PAT 770
LE N=IENET PAT 700
IF (JPN .N 0) RET1.rN PAT 750
PRINT OF PA T a0o0
DO 45 1K=1,O7KVAX PAT fiO

45 PRINT 00, IK, (WPAT1( IK, K), K=12,i14) PAT t20
RETURN PAT 830

50 CONTINUE PAT 01.0
IF
5
TjP.EO.Er) PrINT 8' ,104, WPATH (IK,K) ,K=1,8isHPA THC(IKPi) PAT 050

1 ,WPATH(TX,1i),T;%RY(IK) PAT 86
IKr140,IK PAT 870
LEN=rLENST PAT 880
IF(JPýNE.0) OFTUON PAT 850
PRINT 85 PAT 961j
00 55 TK=l,IKPAX PAT 910

955 PRINT 60, 1K,(Wc'ATH(IK,kj,K~i2,I4) PAT 520
RET JPN PAT 930

60 00 Gr: K'.1,KlAX PAT 9408
WPATMTI,K)=W(IQ PAT 550

65 CONTINIJE PAT 560
IF TI¶.EQ.TI .J1=i PAT 570

J2=jlPAT 908
TO'3Q~T(1)T1,J1) PAT 990
IF(H±,GT.7.ANr.N.LT.7) T08yQj)rTAiI1,Jj) PAT 1000
ICM AX I1 PAT 1010
IF(JP.ET).I) PRINT 70, J1,J2 PAT 1020
IF(JP.EO).O) PGINT 7-; PAT 1030
I Kr PAT ±140
IICKAY=IK PAT 1858
IFLJP.EfO.O) PRINT 80, IR<,(HPATH(IKK),K~t,8),HPAtH(IR,10), PAT 10E0

1 WPATH(TIC 11) ,T8Py (TI) PAT ±J?8
HMIN=i. 00-6 PAT 1080
IF(UP.NE.0) RET'JRN PAT 1050
PRINT Pk, PAT 1100
PRINT BA, IN,TNWP0TH(IT,K),Kr1Z,11.) PAT 1110

RETUIPN PA li110

c PAT 1110
70 FORMAT (917) PAT 1101.
75 FORMAT (/,',2X,5>ý4 7U"ULATIVE ABSCPBER AMOUN'TF FRC THE ATtIOSPNERILPAT 1150

i PATH,f/lGX,YH.HO,6X,IHCO?4,8X,2HC3,QX,2HN2,8X,SMN2O Cx6,65,HPIL S,PAT 1160
2?X4t~rINNOUV,?XY,54H20 C,?X,4qHNOS.SX,L.HTAVE) POT 1170)

80 FORMAl (I
0
,1IPE1OE.3,OPFiO.5) PAT 1180

05 FORMAT (//,?X,7HIf,4X(,4Ai-R7,70,4KATR3,7X,4HAER'.) PAT 1.150
END PAT 1200
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SUBROUTINE IRANC TRA 10
C REVISED I& JAN IRAQ IRA 20
C CALCULATEFS TRANSMITTANCE AND RADIANCE VALUES BET IEEN V1 AND YE IRA 30
C FOR A GIVEN ATMOSPHERID, SLANT PATH IRA 40
c TRA s0

COMMON /CA:ZCi/ MCTELOTNOZE, IT'PE,LEN, JP1,TM±,MitZM3,NL,IEmISS,RO IRA 60
± ,TBOUMn, ISL0SN, IVULCN,vIS IRA 70
COMMON I/AC00T3 HI,M?,ONR;LI.,RANCE,R3ETh,HMINpRE TRA 00
COMMON /CAOC3/ V1,V2,'V,AgW,CO,CW,H(iS),C(153,CA.FI IRA 90
COMMON /CNTFL/ LENSI ,KMAX,M,IJ,J1,J2,JMIN,JEXIRA,ILIKMAX,NLL, NP- IRA 100

iIFINO, NI, ICLO IRA 110
COMMON /MDOTAf 7I1t.),P(2,34),T(7,14),WH(7,34),MO(7,34) IRA 120

1 ,SEASN(?),VULCN(-),VSPi9I,HZ(15),HMIXC34I IRA 130
COMMON RFLHIM(lr!4),HSTORZ(34),FEH(15,7t,),'ICN (4)lVHI15),9TX(tS) IRA 140
COMMON WLOYCII,14i),WF01H(5e,iSI,TB9Y(58) IRA 050
COMMON ADSC4.,40I,FXTC(4,40),VK2(40) IRA 0600
CUMMON /TRFWFO/ T0(F7),FW(62),FO(E7) IRA 170
COMMON /CbCCCA.' C'a13A),C5(1'3)C802) IRA 180
COMMON /AER/ XXl,XX2,XX3,XX4,TYI,YY2,113,YY(- IRA 100
DIMENSION 005(15) IRA 200
FF(I,V) =. 1000944f-lr,4Vfl5) /(EX00i.L.1uT9*V/T)-1. IRA 210

C WATTS. CM-p !11-j qICRON-1 IRA 220
RAOP1IN=i. TE3'3 IRA 230
RAPDMAX:0. IRA 240
VRMIN=U. * RA 250
VRMAX:0. IPA 260
SUMA: 0. IRA 270
PAD SUM: 0. IRA 2800
FAC T00o.' 3IAt 290
CALI C40TA IRA 300
CALL IPFN IRA 710
lV1:V1/ 5. TRA 320
1V2'V2/5. 4.9Q IRA 330
ilvi vi * IRA !140
IV 2' 152 *F IRA 100
IF (IVOi.(T52,) IAI'390 IRA 360
IF (IV2.GI.r0000) IVZ=50000 IRA !70
IF (DV.LI.5) rV=F IRA 300
Iov'Dov IRA 350
IV=lVI-IPV IRA 410
ICOUNI' 0 IRA 410

C BGEINING OF TRANSMITTANCE CALCULATIONS IRA 4 20
5 IV=IV+IOV IRA 430

SUMV= 0. IRA 440
TLOLT:1. TPIA 450
TSOLO1. * EA 4E0
IKLC= I IRA 470
IF (IFMISS.EO.O) IKMOY:IKLO TPAO eo

DO 10 JK'i,ii IRA 490
ABS (J K) =0 . IRA 503
If (JK.IF-. ) ABSS(JR)=-S. IRA 5i0

10 COWTINUr TRA !20
1IF (JP.NE.0) (CD TD 20 1PA 5!0
IF (ICOUNT. 10i.0) GO 1-) 15 TRA !40
If: (ICOUNT.En 5') GD ID 15 TRA 550
GO TO 29 TRA 560

115 ICOUNT=1 IRA 570
IF (TEHISS.E0.0l PRINT 255. IRA 580

20 00 25 K=i,KMOX IRA '§0
lTX K) '0.7 IPA 600



Table AlI. Listinig of' Fortrani Code LOWT.RAN 5 (Cent.)

IF (K.LT.4) TXEKh1I.0 TRA 617
25 CONT IltIJ TRA (20

ICOUNT'ICOUN?+I TRA 670
SUM=0. TP IA 640
V=IV -IRA 650

t=(v-3SO) /54j TRA EE0
.......... HNOT IRA 670

C HN03 ASSQR-TION CALCULATION IRA 680
CALL NNO' (V,APS(L1)0 TPA 650
IF iIV.LTE70) GO 7n' FO IRA 7(1
IF (1V.LF.3000) (') TO 45 IRA 710

C *** NO[FLFCUAR SCATTFRINS IRA 720
AESA4).Vn4/(9.26YYYE.I8-1.5;123E0,pVn*2) TRA 730
IF (IV.) T.921LG, Go TO 80 IRA 740
IF (IV.L.T.13T0) 50 TO s- IRA 750

C ... UV 070Sf IRA 7(0
IF (IV.LE.P?400) SO TO 30 IRA 770
IF (TV.GE.275000 SO TO 75 IRA 780
GO To lin TRA 790

30 XI V110. 3VA0+*IA 800
GO TO 40 TRA 810

35 XI=(VY-27S0.C~)/5C'.,C7. TRA 820
40 N7XlI.i.00 IRA 830

70= 71-FLOAT (N) IRA a40
ABS(8)=CA(N)4-A0

4
518e(N)-C8(N-ifl TRA 010

IF (IV.GT .14900) so TO 110 IRA 860
GO TO 65 IRA 870

C v* WATER VAPOR CONITNUu4 10 MICRON REGION IRA. 880
45 IF IIV.GI.1'50) C-3 TO 50 IRA 890

ABSS(5)=(4. IftO97A. 0fx)P(-7.EtE-3-V)) TPIA 900
GO To 553 TPA 91U

50 IF (17.L.1*'7351) GO TO 60 IRA 920
C WATfR VAPOR ZONTINUUI I. MICRON REGION IRA 9!0

NH=XI+i. Ori IRA IE10
XN- XT -Ft OAT (NHJ) IRA 9E0
At8S 410) =C 5(NH) +XHN(CS (NH)- C 5(NH-1)) IRA S01

55 CONTINUE IRA 980
IF (IV.LP.134;0.OR. IV.GT.2F401 GO TO 80 IRA 550

C .* NITPOGEN r0NTNr114Jr TRA 1000
60 IF (IV.LT.2i5@) GO To 80 IRA 1010

K4zI-346 IRA 1020
ABS (4)154(<40 IRA 1070
GO 10 55 IRA ±040

C . WATER VAFOUP IRA 1050
65 IF (IV.LT.,12800.ANOJ.IV.GF.98Y5) GC To r0 IRA 1Q00

IF CIV.LF,14520.ANP).IV.GE. 13480) GO TO 75 IRA 1010
GO TO 59, IRA 1080

70 1=1-135 IRA 1090
GO TO R0 IRA 11tO

75 I=I-2rr IRA 1010
80 CALL CIOTA (405(1),4) IRA 1220Q
05 CONTINUE TRA 1070

C 4~* UNIFORMLY WIXLC GASES IRA lisA
IF IIV.LI.3ýrfNO.1VGE.59() GO 10 97 IRA 1150
IF (IV.LT.1Yt00. ANt'. IV.GTI.2970) GO T0 95 IRA 1160
GO Io t0' TRA 1170

90 J=1-30 TRA 1180
GO 10 In0 IRA 1150

95 4(V19509156IA 1200



Table Al. Listing of Fortran Code LOWT.RAN 5 (Cont.)

100 CALL 02(115 (APS(2,) T*A1)1

105 CONTI INUE TRA 1220
".. O'ONE TRA 1230
IF (IV. LT,975.OR.TIV. GI. 32?00 Go T 110 TRA 12 40
LzT-45 TRA 1250
CALL CODIA (PAS( 1)L) TRA 1260

110 CONTINUE TRA 1270
CALL AERFXT (V) TRA 1280
C0 710 IKrIKLO,IKM4AY TRA 1290
IT (TFMI'ýFE5.0) GO) TO 120 CP5 1300
CO ill, K'1,KP'hX IRA 13i0
H(K):WPBTHCIK,K) TRA 1320

115 CONTINUE TPA 1330
120 CONTINUE TPA 1540

sum~r TP IA 1350
CO 125 Jler4,IA TRA 1360
TA (JK)=b9S (JK)-N(JX) TRA 1370

125 SUJM:SUN+IX(UJK) TPA ±3e0
TX(5)'TX(F) +TX(1n) TRA 1390
TX (Ili A= TRt 1400
Kix I TRA 141.0
IF (N (A) L.T , 1. gC-?n) GO Ti 14 5 TIR 1420
IF (155 1) .iS-r.fl) GO) T0 145 TRA 1430
WSZ=ALOG13(W(1104aRS(1) TRA 1440
IF ( WS1. LT.-2.14 68) TYV(1)'±-.AA0I77A7E XP11. 85Fý5 e5*W5) TRA 14SO
IF (WSA.LI.-2.5A47A) GO To 14,5 TRA 1460
IF t WSl . GT.3.E56P2) S0 TO 140 VIRA 1470
IF (NI. GT. 2.G0) KL'ý40 IRA 1450
00 130 VKjKi6' TRA 1490
IF ( WSI.LE.TW(RK)) GO TO 135 IRA 150c

1.50 CONTINUE TRA 1510
135 TAX (I ) =1 R (K) 4 (TR( sK-AI) -TR(5)) *( W( K) -W141 1561$ kR) -F W(5- 1)) IRA 1520

GO TO 149, IRA 1!30
140 1()=. '0.0!)4

145 CONTINUEF TRA 1140
TX (2)=l.0 IRA 1560
K i= I IRA 1E570
IF (N (2) .LT.I. 0-20 C)O T) 165 TRA 15 60
IF (AA1(2).LE.-5.A) GO0 TO 165 TRA 1590
WS2ýALOG10(N(2))*6P'S(2) TRA 1600
IF (452.LT. -2.1u661 TACZ)rA.-.OAP7AH7EXP(i.8555S555,2) IRA 1610
IF (NS?.LT.-X.19&6R) GO TO 165 IRA 1(20
IF (WS2.(GT. 3.1662) 10 TO 16C IRA 1638
IF (WSP.GT.X.C) 51'4C IRA 1640
DO0 150 K=Kt1t67 IRA 1650
IF (WS2,LF.Fw(K)) GO To 155 IRA 1660

150 CONTINUE IRA 1672
155 TX7=RK (R -)-RK )-F()W2/F()F(-) 1)0 1680

GO TI 165 IRA 1650
160 10U2)=0,.0 TRA 1700
165 CONTINUE IRA 1710

TXK(3)=1. T lA 1 1.0
k!= IIRA 1730
IF (w(3).LTI..r-7C) GO T) 155 IRA 1740
IF 4ARI(3).LE.-;.U) GO TO 1853 IRA 1750
WS3:=ALOG1E(W(1))*6PS(') IRA 1760
IF (VS3 LT.-I. 778) IA(7l)=t.-.055194

4
EXP(2.3628553'53) IRA 1770

IF (WS3.LT.-1.6F.)f) GO TO 181ý IRA 1700
IF (WS

1
.GT.7.93'.c( 30 TO 1$C1 IRA 1790

190



Table Al. Listing of Fortran Code LOWTIIAN 5 (Cent.)

00 170 K=1(1,67 TRA 1810
IF (WSI.LE .FO(K)) CO To 179 IRTA 10e20

J70 CONTINUE IRA 1830
17-5 IT(3)=TR(K)-(T0(K)-TRIK-1)) -PO(K)-WF!3)/(FO(K)-FQtK-i)) IRA 1840

GO TO 100 TRA 1850
180 10(3) =0.!' TRA 1866G
185 CONTINUE TOA 1870

TX~O)WNOh().'Y? t)+VV3-W(i3) +YY4-WCIL.) TRA 1880
IX(7)=XXI'W(?)+AXXMW (12)tKX3*W(13).XX4'W(14) TRA 1800
SUMcSUM.IX(7) TOA 10(0O
TX( 9) =SUH TRA 1910
00 205 K=l.,KH00 TRA 1920
IF (10(K) .E0.0.O) GO TO 135 IRA 1530
IF M(KXIC.1E.0.E) GO TO 190 TRA 1940
IF (I X(K) .G7. 20.) G2 TO 200 TRA 1950
TX(K)080P(-TX (K)) IRA 1960
GO TO 209, TRA 1970

190 TX(K):1.0-t0((IC)+fl. -TY(K)-TX(K1 IRA 1980
GO TO ?05 IRA 1990

190 1000)=1.0 TRA 2000
GO TO ?Or TRA 2010

200 TK(K)'0. TRA Z420
205 CON4TINUE IRA 2030

TX(9)=TYM(1TY(')-TX(3)I0Y(9) TRA 2VA0
IF (IV.rF.1!O0E0 TXC!1=TX(0) IRA 20500
ALA Hr .1. 9+04iV 130 2060
IF (IEHISS.EO.0) 10 10 220 IRA 2070
501K=FF (T590v(OK) ,V) TPIA 2080
ILNEW=(TX(9)*TX(iT))/fTX(II)TX(6)) IRA 2090
TSNE W(IX(7)10X(6))/I2(101 IRA 2100
OTAU=TLOLfl-lLNEW IRA 2110
IF (OTAIJ.LT.1.OE-9.AN]D.TLNEW.LT.0.00-5) GC Fo 215 IRA 2120
SUHV=SUHV +0.5*BRIK-DIAU* (TSOLO+TSNEW) IRA 2130
ILOLO TL NEW IRA 2140
ThSOLII=T',NlW TkA 215u

210 CONTINUE IRA 2100
215 CONTINUE IRA 2170

TA UG=O 0TIA 2180
IF' (NMIN.LE.V.0. ONO.IL.EQ.1 ) TAUG=TX(9) TPA 2150
TI=TPOU1NO TRA 2P00
99G=FF(TI,V)#IAUG TRA 2210
IF (NMIN.LE.C.0) SUNV=SUNV4280G IRA 2220
SUMVV=SU" V IRA 2230
IF (IV.GTI.V1) FOCT0JR=I.0 IRA 2240
IF (IV.GE. 102) FOCTOR=0.5 IRA 22500
SUN 0= (i.0+4/V**2*SUMV IRA 22E0
RAOSMýSUM+08lOI +V-F A.YOR-SU(V IRA 2270
IF IJP.EQO0) COIN! 265, V,ALAH,5UHV,SUMVVAAOSUM,7X(9) TPO 2200
IF (SUHV.rF.RBOMAX) VRNAX:V IRA 2200
IF (SUHV.0E.RADHAX) R0DMAXrSUMV IRA 2300
IF ISUNV.LE.R0E'M!N) VRMI1NsO IRA 2.3±0
IF (SUMV.LE.QAOHIN) OIOHI'ISUHU TPA 232
WRITE (7.23,' V, ALANI,S'UKV,S-UMVVRADSUr, TX(91 IRA ZZZC

220 IX(10)=i.-TX(iO) TRA 23400
AS=l.-TX((9) TP* 2350
IF (IV.EO.IV1.OO.IV.EO.1V21 AO=0.5-A0 IRA 2300
SUNA=SUP48+Aq*CV TRA 2370
IF (IEMISS.EO.1J GO TO 225 IRA 2380
IF (JP.EQO.) WRITE (6,260) IVALANvTX(9),(IX(K),Kt1I,7),TX(10),SUPATRA 2390

± ,TX (ii.) IRA 2400
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c I F IJP.52. 0) ýPITE (6 , 4A1) IVA LAM EXTINC, A SORP TRA 2410I

WRITE tF,2410) IV,0LAM,TXC3),(TY(K),K=1,7),TX(10),rX(ii) TRA 2420
225 CON TIN(I F TRA 24.30

Ir (IV.rE.TV2) GO TO '30 TRA 2440o
60 TO 5 TRA 24A5s

230 A8=1. 0-SUMA/FLOAT(IV-TV1) TRA 2'60b
PRINT 245, IVI 9TV,ýýJ~4,.AB TRA 2470
IF (IEMISS. EQ1) PRINT 250, RAOSUt4,VRMIN,RADMINVPMAX,RADMAX0 TRA 21,eO

RETURN TRA 2490I
235 FORMAT (F8. J.Fi3.5,31E13.5,Fi3.6) TRA 2510
74 0 FORMAT(I6,1 IF q. 4 5X, F .L 4 iRA 2520
245 FORMAT (27H INTEGRATED ABSORPTION FRO4, I5,31H TO, 15,7t( CM-1 =,F10a.2TRA 2530

1 ,23HAVEqAG T6ANSH4TTT0 NCE =,F6. 4) TRA 2540

250 FORMAT (2914 INTECRATF0 RAOIANCE zE1Z.15113H WATT CS -2 SR,/7H RADMIORA 2550
iN,FI?.3,E12.5,/,eH RADMAX ,F12.3,E12.5) TRA 2SE0

2r`5 FORMAT (1~,i~TH FRE2 WAVELENGTH TOTAL H2C,5X,4HC02+,5X,TRA 2570
iS4HO7ONE N? CONT 470 C04IT MOL SCAT AEROSOL AEROSOL INTEGRATETRA 25t0
2D,12(4 NITRIC ACIUfOIX,i4H CM-i M1CROIhS,8(4X,5HTRANS),4'X,20H ASS TRA 2sy0
3 ABSORPTION ,4X,r-1TRANS1 TRA 26E'00

260 FORMAT (1C~,I6,i 0' 9.4,Fi4. 4 ,F9.4) TPA 2610
,65 FORMAT (30X,FE.1,F13.Rý,3E13.5,F13.6) IRA 2620

END IRA 2E30



Table At. Listing of Fortran Code LOWTRAN 5 (('ont.)

SUOROUTINE *0FN TRF 10
c LOITRAN TRANSMITTANCE FUN'TIONS TRF 20

COMHON /T.FWFC/ 'R(671,FH(6?7)F,(E7) TRF 30
DATA(TR(I) *]=I, 6fth TRF '0

1 .9990, ,. 9 0, ,9960 .9940, .9920,.9900 .1O0. .T.9700, TRF 50
2 .8600, .95'0, .3400, .9300, .920,•.9100D, .9000, .88001, TRF 60
3 .8600, ,8400,.AZ0O, e0OO,.7800,.Tf00 ,.740O0 ,.7200, TRF 70
4 . 7000 , S690 , .6r 0 ,.6400, . 6 2 0 0, .6000 o.Boc,. 0SEOO, TRF 80
S .5400,.520, . 5V0 0 ,.480(, .460.1 , .4400 , .62.0 , .4.000, 106 90
6 .3e000, 3600,•.3400, 3200, .0001 ,. z00, .2600, .2iou0, TRF 100
7 .2200, 20•7c, .8iof•1j600, .1.400, j200 .1000, . 0800, TRF 110
8 .0600, .040, .0300, .U0,.015, .ulOOG,.C080, .0060, TRF 120
9 . 0040, .O* 00, .0010/ TRF 130
0ATA(FW(),71=t, 67)/ TRF 140

1-2 368,3.C 7?,-1 650 ,l 481,-, 379-i,207,-. 7825, -. S229, T66 150
2 -. 3468,-13, -. 065%, .0414, .1553, .2400, .!324, .4a38, 706 100
3 .612A, .??43, .P2f1, .9191, 1.0000, 1.0792, 0.1461, 1.2122, TRF 170
4 1.267?, I. 7ý4, 1.78W2, 1. .409, 1,4955, 1.5441 t, .5966, 1.6435, TRF 180
5 1.6857, 1.7340, 1.772, 1,0261, 1,8692, 1.9i9±, 1.9630, 2.0086, TRF 10
6 2.0607, 2.1038, 2.14f1, 2,1875, 2.2304, 2.2T76, 2.3263, 2.3717, TRF 200
72 . 4 1a3, ?.4698, 2 .r1 99, 2.9ý742, 2.6284,, 2. 6902, 2. 7559, 2.C261, T06 210
S2.9031, 3.0000,. 30607, 3.14t61,• 041, 3.2718 3.3054, 3.3444, TRF 220
9 3.3979, '.4914, ý.5612/ TKF M30

DATA(FUCI) 1=1, 67)/ TRF 240
1-1.1778,-1.'300-1.1192, - .08, -. 8239, -. 72!8, -. 4318, -.2366, TRF 250
2 -.1074, (.2070, .3969, 1761,.204,.•3U10a,.7522, .4E24, TRF 6 E6O
3 .5563, ,.4l3, .7243, .79?4,.873, 9191, .9731, 1.0253, TRF 270
4 1.0719, 1.!1 3, 1.1614, 1.2095, 1.2480, 1.200, 1.32f3, 1.3617, TRF 280
5 1.3979, 1.4393, 1.698b, 1.44983, 1.5314, 1.5662, 1.6021, 1.6335, TRF 290
b 1.6721, 1.70'6, 1 F4 2, 1 7924, 1,8325, 1,8865, 1.9395, 2.0000, TRF 300
7 2.0637, ?.1206, 2.j5q3, 2.2552, 2,3185, 2. 4313 , 2.5185, 2.643S, 5 RF 7!0
8 2.7053, 2,9777, 0.1072, 3.2553, 3.3617, 3.4771 30.5563, 3.6233, 3RF 320
9 3.7076, 7 .32r, It.345/ TRF 330

RETURN TRF 240
END TRF 350
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SUORCOtIINý INFEXI (V) AIR 10

c AI R 20

C 1NTEPP0LATES AEROSOL EYI!NCI'ON4 AND ABSORPTICIN CCEFFICIENT AIR 30

c FOR THE t'EEN1,14QCP, V. AIR 40
C AIR CO

COMMON /CARO1/ IOJEL.IHAZE,ITYPE,LEN4,JP,IF.,Mi,M2,M3,ML,IEMXSS,RO AIR 6O
I1f? iOUNr1,IFEP0SN,TVULCN,VIs AIR 70

COMMON /L.0r12/ N1,N%,ANCLE,RANGERETA,HMIN,RE AI R e9
COMMON ICARC31 V1,V?,OV,AVW,CO,CW,W(t-5),E(15),CA,PX AIR 90
COMMON /CNIPL/ LENISEKMAX,MH,IJ ,JlJ2,JMIN,J[CrRR, IL, IKMAX, NLL,NPO AIR 100

1,11 IN0N, L, TRIO AIR 210

COMMON /MPATA/ 7('4),P(7,T4),T(7,34),WH(7,3q1,WC(7,3'i) AIR 120
1 ,SEASN(?P,VULCN(5),VSO(q),HZ(15),HMIX((34) AIR 1,10

COMMON RELNUM(341,HSýIrTR(34d,EH(1R3,34).ICH(4),oVH(151.TN(15) AIR 1L40
COMMON WLAY(34,15),wPA TH(5a, 15),TOBY (68) AIR I150
COMMHON APSC(4,40),rx~r(4,'40),VX2(40) AIR I C-
COMMON /AFR/ FXTV(q),ABSV(L.) AIR 170
00 1; 1 1 , c AIR 100
FXTOC 1P:O. AIR ISO
A SIA (1I)0=0, AIR 2(4,

5 CONTINUE AIR 210
IF (1H0

7
E.EFl.0) RET1uRN AIR 220

ALAM4=t.OE 44/V ATR 7200

Do 10 N71,40 AIR 240
YD:AtAM-VY2 (N) AIR 250

IF COOP Ir'iC ,ir A'R 2 60
10 CONTINUE AI R 2?0

N:=40 AIR 200
15 VXO:VK2tN)-VX2(N--) ArR 290

00 Z0 1=101. AIR 300
EXTV(1P=(Xlr (IM) -VXTC(I,N-1)).XO/VXO+EXTCCI,M) AIR 310

ARS V( I) =(AS5C(1, N) -4 FSC (1,N-1) )K VXO tABSC(I N) AT R 320
?0 CONTINUE AIR !!0

RE TURN AIR !40

END AIR 350 '
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SUBROUTINE i-NC! hw,HAPS) "No 10
c NRC 20
c HAN03 STAIISTICCL QAH~l PARAMETERS HNC !0
C NRC 40

DIHENSTAN HIllS5), H21¶16), H3(13) HNR s0
C ARRAY HI CONTAINS HNO' ADS, ^OEF(rM-IATM-1) FROV. 850 T0 920 CM-i HNRC 60

D3ATA Ntf?.197,3,9t1,6,isk,a8.15o,q.217,q.Aoi, 1I.5E,11.10,i±.j7,12.A4HRO 70
10,1O.49,7.F09,6,136,4,899, 2.a66/ MNR 80

C ARRAY H' CONTATNS KNO!t 455, COEF(CM-IATM-1) FROM 1275 101350 CM-2 HNR 90
DATA HY?884616758.75S,1O).Si,i3.1ft,id.0@,21.5i,23.09,21.AiHRO 100

c ARRAY 14? CONTAINS 'AND' ARS, CAEFOCN-IATH-i) FROM 1675 T01735 CM-i HNR 120
DATA H/.0,.a..1,.0,33,35,23. 22,21.AS,?6.99,25.0HHO 1!0

14, 24. 79, 17.68,9.4.20/ NRA 140
HAFýb . HNO 150

IF %V.GE.850.r.A~n.y.1E~qzo.Oo GTOS7 HNO 160
IF (V.CE-t.215.A,AMD.V.LE.i350.0) GO TO 10 'ANO 170
IF 1V.tfE.i675:.0ANP1.V.LE.Lt 3.0) COA TO 15 HNR 180
RETIOPN HNR 19U

5 I'(V-A'.5.)/5. HNO 200
H4ABS=H1 (I) NRC 210
RETURN NNO 220

10 I=H1'.f.NRC 230
I-AOS=H2( I) HNR 260
RETURN HNR 250

15 I:(V-1670.)/'. HNR 260
HARSzH'( I) HNR 270
RETURN HNR 280
ENO NRA 250



Table AI. Listing of Fortran Code LOWTRAN 5 (Cont.)

SUBROUITNE CIeTr (CIL,L) CIC 10

C WATER VAPOR LID 20
C CI LOCATION 0 V = 750 CM-i CiC 56
C CI LOCATION 1770 V = 9195 CM-i Cv 140
C Ci LOCATION 1771 V = 9819 CM-I CIt 50
C Ci LOCATInN 795i V = 12r95 CM-1 Cet 60
C CI LOCATION 2356 V = 12350 CM-1 CID 70
C CI LOCATION 75f0 l = 14520 CM-I Cet 80

COMMON /CI/Ci (2580) CIO so
0'ATA(C1(T)TI= 1, I9gn/ CID 100

1 3.g 9?, .72, !.549 3.42, 3-17, 3.37, 3.36, 1.33, 3. g5 , 3.13, CID 110

2 3.02, 2.96, 2.97, 3.00, 3.08, 3.12, 3.08, 3.0 3, 00, 3.01, CID 120
! 3.03, 3.07 3,05, 3.*3j 2.94, 2.83, 2.71, 2.E2, 2.58, 2.57, CI1 110
4 2.62, 2.67, 2.72, 2.71, 2,(D, 2.46, 2.35, 2.26, 2.22, 2.23, CIa 140
5 2.10, 2.17, 7.17, 2.20 , .26, 2.34, 2.42, 2.39, 2.20, 2.01, CID 150
6 1.92, 1.89, 1.78, 1 .79, 1.1, 1.84, 1.83, 1.80, 1.7t, 1.51, CIC 160
7 1.19, 1.70, 1.2c, 1.10, 1 19, 1.18, 1.21, 1.33, 1.47, 1.53, CIO 170
8 1.54, 1.'6, 1.12, .R9, .69, .49, .60, .71, .79, .99, CIO 180

9.86, .75,.r3,.43, .Si,.52, .(7,.73v 200, .83, CIa) 190

S.80. .63, .47, .32, -. 08, -21, -. 29, -. 21, -. 01, .08, CI0 200
9 416, .40, -. 03, -. 2• , 4.37, -,35, -. 30, -. 319, 4.3 , -. 42, C10 210
O -. 481, -. 0?, -. 90, 98,3 L.3, 39, 3.6, -.3.83 3.80, .8 1 220
S -. 50, -. 4P, -. 39, 3.3, -. 37, -. 60, 3.52, 3.52, -. 82, -. 58, C1 230
O -. ,40o .2 . -. 21, -. Oq3 8, .1, 2.16, -2.1, -. 28, -.73, -.7, CID 2&0
S -. 77, -.7, 2.82, -. 05, -. 11, -. 13, -'.27, -. 20, 2.1, -. 06, CID 250
$ .11, .43, .26, .19, .I1, 2.908, -.. 1 .02, .03, .12, CiI 260
$ :??, :,?A .3 , 9:1:5 4• : SB . 5 :.8 :I:79, : I:9 , .71, .69, CiO 270

£ 2.15 '.0 1.1, 2.93, 2.06, 1.95, 1.40, 1.07? 1.64, 1.23, CiD 280
£ 1.51, 1.7, 1.0, 1.63, .I05 1.30, j.O0, 1.96, 1.7, 1.86/ CIOD 40

ATA (GI( 1.)0 ,= 19,1, 381). CID 300
1 1.9l, 2. 68, 2.24, 2. 1, 2 .63 ,2.68, 2.67 , 2 .73, 2.T9, 2.81, C O ID 210

2 1.•1 7,.9,., 7.16 .23, ?.30, 3.34, 3.43, 3.57, 3.59, D 20
3 3.536, 3.58, .57, 3.1, 3.271 ,23.71, 3.69, 33.E4 3., 68, CID 330

5 4.3A , 4.49, T.A15 4.62, 4.63, 4.61, 8. 575 t.56, 4.56. 453, Cia 350
1 4. 4 .46, 4.38 , 728; 4149.1 3,.i92 3.63, 3.35, 3.12, 3.10, CID 510

- 3.24, -. 27,-1.66, 3.80, 3.93t 4.30, 24.04, 4.15, 4.23, 4.31, CID 370

4-.35,-4.981 ,-4.0?1, -2.70 -. 21 ,-2.28,,-2. 27 4.-2.,-2. 42,-4.44, CII 5403

9 -. 46, -. 40 1-.30, -. 26, .513, - 4#67, -. 19, 4,.19, 4,. F2 v-2.23, CID 350
12.5,, 4.. ,7-9•?.9, 3.14, 3.03, 3.91, 3.76, 3.83* 3. , 3.78, CID 400

- 3.70, 3 •-1 , 3.40, 3.20, 3.-6 , 3.42, 3.52, 3.52, -. 39, 3.21, CI1 510
S 3.21p 3.-4, 3.10, 3,08 3.!1, 2.18, 2.88. 2.78, 2.7, 2.76, CiD 520
S 2.77, ?.76, ?,B. , 2.45 ,.E36 2.75, 2.64, 2,EO, 2.E1, 2.62, C10 430
S 2.562 1 .4 , ?.37, 2.25, 2.16, 2.08, ?.11, 2.20, 2.31, 2.28, CID 460
S 2.15, •.BE, I-or, ?7.03, 2.05, 1.95, 1. 8 1 . 7?, 1.64, 1 .59, CIO 450
2 1.57t 1.-57, 1-.F0, 1.83, 1 .51, 1.38, 1 .07 , .91 , .87, .g2, CID 460
s l. 04p 1.01 1 .97, . 8L. ., .2t q7, 1.01, 1.06, 1.10, 1.06, CID 470
1 1. 01 , .g91, .7G, c. ; , .47• ý . I , .3g, . 38, ,3r4 .33, CID I. e
S .36, .43, .4 t, .45, . 3e, .27, .21 , .22, .2q, .37/ Clu 4s0

DATA(Ci (I ), I= 381, 1,70)/ CIO 500
1 . 38, Z•7, .29, .19, .13 , I I1, .C3, -. 05m ,-. 21 -. 74, CID 510
2 -. 31, -. 7tq, -.4ý, -.';Dv -.59, -.68, -. 71, -. 80, -9 -I 0 , CID 520
3-1. 14,-1.22,-1.27, -1.28'-1 .Z3 ,-1. ?2,- 1. h3 -I. 51 ,-J1.63,-1 .74 , Cie 530

5-2. 0,- .•3 -?.7•- ,56 -•.9•-2 •7• 2.6 •-• •?, •,• •.6CI6 D 550

7-.1 •-.• ,-.ft9, -. 75, -.68, -. 57, -. 47, -. 42, -. 32, -. 27, CID 570
8 -. 26, -. 19, -. t3, -. it, -. 011 .05, . 08, .17, .2-, .31, CID 580
9 . 41 o .43, .44, .43p .36t . 5# -31, .25, ,2F, .,22, CIO ss0
S .21 ° .3, .49, .65, °7b, .71, 561, .30• ý131 I,~ CIO 600
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S•17 ,.?4,,:31, *8, S ,51,6,.6na3, ,62, CIO 610
1 .63 ,64, .64,69 .76 , •,• N ,. T,70,.2,. 53, Ci[ I 6rE20
1 .46, .:9 ,311, :37, ,38 ,.42,:.147: 15, :5:• ,• 9, CIC 630
S .67K .62 ,6'., . ,.76, 50, 1.11, 1.3, 1.10, .9T, C1O 64.0
1 .9 , 1.17, 1.31% 1.52, 1.70 1.76, 1.e4, 1.92, 1.90, 1.87, CIO 650
O 1.91, ?.02, 2.1', 2.10,, 2.18 2.22, 2.25, 2.03, 2:01, 1.77, CIO CE0

1.93, 2.19, 2. 2, 2.1 4 2.15 2. :2 , 2.01, 2.14, 2.26, 2.36, CIO 670
12.61, 2.66, 2 .3, 2.68, 2.69 2.6E&, 2.22, # 1.5, 1.11, 1.11, CIt 680
1 .88, .8F, .89, 1.20, 1,6 2 1.82, 1.99, 2.01, 2.14, 2.16/ CIO 690

OATA(Ci(T),1• 571, 760)/ CID 7Go
1 2.21, 2.310, 2. 3'-: 2.42, 2 .50 , 2.51, 2.4A9, 2.46, 2.42, 2.37, CID 710
2 2. 37, 2.3 3 , 2.31, ?2.43, .F;6, 2.61, 2.63, 2.60, 2.50, 2.38,p CDO 720
!2.41, 2. ?4 , 2. 31, 2. 32, ? .40 , 2,27, 2 .32 , 2.22, 2.89, 2.88, CID 730

4 2.17, 2.,41 , 2.77, 2.68, 2.49, 2.29, 2.23, 2.42, ?.61- , 2.58, CID 740
5 2,49, 2.40, 2.' 9, 2.•1, 2.60, 2 8 , 2.68, 2,70, 2,8Z, 2,83, CID 750
6 2.82, 2.61, 2.P4, Z.06, 2.91, 2,96, 3.03, 3.48, Z.21, 3,30, CIO 760
7 3. 40, 3.52, 3,t9, 3.46, 3, I 3,54, 3.56 , 3.55, 3Z.57, 3.61, CI1 770
8 3.21, 3.80, 3, :, '4.99: 4.06 4.02, 4 .06, 4.12, 4.28, 4.33, CID 780

29422, 4.2 4.',?, 453, 4.64, 4.55, 4.40, 4.20 , 4.32 4.38, CID 790
1 4.37T, 4,.24, 4. 13, 4..14, .20, 4.25 , 4.32, 4.35, 4.!1 , 4 .27, Cit 88o

4 .25, 4:27 4.11, 4.36, 4.41, 4.62, 4.59, 4.Vi , 4.79, 6.81, CIt 818
4 4,31. (•6 4, , 4.28, 4.88, 4,00, 1.88, 3.86, 3.92, 3.98, CID 020

14.12, 4.18 , 4.31, 4. 37, 4. 42,t 4. 50, 4.-533w 4.S#6, 4.59, 4.61, Cit 830
.46 1, 4.59, 4. 53!, 4.49, 4.44, 4.41, 4.48 , 4.34, 4. 30 , 4.26, CIt 840

S 4.09, 3.98, 3.87, 3,78,3 ,7T 3.79, 3.75, 3.72, 3.62, 3.56, Cit e50
1 3.51, 3 48 :, 3.32, 3.:81, 307, 2.96, 287: 2:8 0: 2.8E, 2.58,, CID e60
1 2.59, ?.:51, ?.59 , 2.57, 2.50 2.42 , 2.32, 2.20, 2.12, 2.00, CID V70
S 1.92, 1.79, 1,63, 1,60, 1.69, 1.28, 2.04, 2.00, 1.81, 1.70, CIO 880
$ 1.63, 1.61, 1,60, 1.49, 1. 14, 1,35, 1.64, 1.69, 1.70, 1.59/ CID 5Q0

OATA(CI(l),I 761, 950)/ citD 9510
1 1,45, 1.29, 1.19, I.C8, 1.02, 1.94? 1.10, 1.16, 1.20, 1.73, CItO 910
2 1 •2?, 1.08, 1.08, 1.06, .e7, .93, ,3, .58, 54, , Cit 920
4 .41, .37, .31,.11, -. 13,.1,.32 -. 36, -. 39, -. 33, CID 940

53 .8!9. .24 .71 6 .57, 2 . -9 6.43 17, e17 .10 -. 22,n Ci 520qi
6"-1. 11 1" . 19 - .' , . " I ' 1 -. 18 -,= { • 1.= •- 1.=7 ,- 1.60 , C1{O c60
7-1.61=,-1.60,-i.•',-1.ri,-1.42=,-1.32,-1.26,-1.16,-i.g, -. 83, CID 570
t -. 71, -. 61 , -. 52, - 43, -. 36, -. 30, -. 21, -. 19, -. 17, -. 15, COO 980
9 -. 13, -. 17, -. 19, -. 12, -. 06, -. 01, 0.00, -. 11, -. 23, -. 32, CIt 990
S , :44:-.51-.48,-.47, -. 62,-4,6-.1, -:79,5 -:37, -. 35,0 CID 100IO-48, -. 7F,-1.13,-155R-j e ~0,1.66,-i5S2_-i35,-i.19-I. 02, CIO 1310
1 -. 88, -66, -,65, -. 3 -62, -. 66: -:73, -. 79, -. 88, -. 84, CIt 1020
S -7 0 -,59 -:453, -,19, -50p -. 41, -. 74, - .75, -. 76, -. 69, CIt 1050
£ -. 62, -. 59, -. 52, -. 48, -. 48, -. 42, -. 39, -. 38, -. 33, -. 29, CID 104•0
S-.26, -. 23, -. 22, -. 28, -031, -. 50, -. 60, -. 60, -. 51, -. 46, Cit 10}0

2 42, ." .. •. - 08, -:Ore, 0:5.050, 211, CIO 1060

343 3.27 3 '3 5.2, 23.1 3.41, 3.31 3.6 346, 3.6, Cit 1130

6 .65, .71, 7. ', '380, .83, 3.6, 387 ,, 90 3 , 93, 3.33,0 CID 1080
7. 13.0, 1.15, '.0?, t'24, 1.31, 1.32, 1.33., .8 , 1.61, 3.871 CID ic10

DATAK¢I(1),T_ 1 1 90)/I CIO i11•
1 2,0 1 , 1,93 2, 1,8 F, 1:-•9: 1,:92 : 1 98, 2 03, 2,39 2:, 1I, 2 40, CID 11110
2 2.270, Z:.7I ?.7f, , 2 88 ?,70 2 .T7 7 3.:08. ý:.c 3 05 , 2.9 , CIO 1 20O
3 3,: 3 1 .ý :?:, 1,° .•3: 3: it 3:4'1,' 3: 1M 3 : 6, 3:.4 E 3:.3 6: C1 1130
4 3,39q 1, 9 3,L. , 3 22, 5, 1 ,9 P.96 2 78, 2,q8 , 3,02, ?'.82 CID 11 ,0
5 ? .95•= ;, 6• , .92, 2. 92, 3 .05 ,3.,22, 3.60, 3.,78, 3.e1, 3.96, clo1 1 "D
6 ". Tfi, 3.65P, 3 .14, T . 08 3. I,Z. 1 •o 6v 3.7?=, 3.,1, 3-30, 3.33, CIL 1160
7 .3. 33• , . ',I, x.14 e, x.43. 3 . ,2 , 3. 1•. 3.46, 3.58, 3. E1, 3.,4 9, CIDi t 170
8 3.46, 3.42?, ?.1q5, 3.18, 3.30, 3.00, 2-99, 3.21, 3.11, 3.14, CID teo09 3,10, 2.72, 2.821, 7.95,. ?o69, 2.73 , 2.72, 2.47, 2.51, 2.60, CID 1190
S 2.42, 2.37, 2.73, 1.91, 1.087 1.01, 1.78, 1.53, 1.51, 1.62, CID 1200

197
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0 1.59, 1. 0, 1.4?, 1.2 2, 1.22, 1.12, 1.08, 1.02, .97, .92, CiD 1210
$ .0 , .P7, .oA .02' .79, .75, .76, .75, .?2, .71, CID 1220
S .71, .70, . ,q, .67, 61 ,.59, .52 t.4•,1 41, .39, CIO 1230
1 .3e .3!,3 32, .'0, .30,. 0!,.29, Z8, .2, .2h, CItD 1240
$ .25, .73, .2?, .21, .0 .18, .1i .13, .0,.01, CID 1250
$ -.03, -. 07, -.11, -. 16, -. 21, -.24, -. 29, -. 32, -. 38, -. 41, CIC 1260
S -. 45 -. 50, -. 54, -. (1, - .69, -.76, -.84, -. 90, -. 97,-i.01, CID 1270

1-148,I. 0,-.52 -1~57-j 5j~j.6~-0.70-i 72,. 7,-i~/ CID 1250
0ATA(C I(I),1=11 1,1,130) CID 1300

1-1.09,S-. 92,-2. 0C,-?. -8,-a .16 -2.24- 2 5,-2 .40,-2. 48,-54. , CID 1310

2-2.61, -2.70 ,-2.03O-. 9,*1,-5.000,-S..00,-5.00 '-5. 00,.0••.O-s.O00, cit 1320
S CID 1!30

4-5.00,-5.0,•-5.00,-%i00,-5.h0,-5.00,-5.0o0,-5.00,-5.00,-5.00, Cit 1340

6-5.00,-5.00,-%.00,-5.700-5.ID,-5,30,-6.00,-5,00 ,-5.00,-5,00 CIO 13601-5.0 ,5. 0,-. 0~ - 00-S.00,S. 0,-. 0.- .00,-5 00-S.00, CID 1370

8-5. 00,-I. 00-5.l0,-5.00,-5. 00,-b.C00-S .00,-5.C0,-5. 00,-s. 00, CID 1383
9-5.00,-5.00,-5.00,-5.00,-5.00,-5.00,-S.00,-5.00,-S.C0,-5.00, CiO 1S90

t-i.6u,-1.t1,-i.13, -. •0, -. 79, -. 63, -. 48, -. 36, -. 28, -. 16 0CID 1410

0 1.15, 1.19, 1.01, .50, 1.02, 1.19, 1.29, 1.30, 1.29, 1.38, 010 1430:

$ i1ol, 1.'9, 1.42, 1.43, 1.70, 1.62, 1.54, 1,41, 1.'3, 1.86, Cit j440
0 1.96, 1.97, 2.0?, 2.01, 1.94, i.°'., 1.03, 2.03, e.ai, 2,42, tiE 1450
S2.30. 7, .1, ,.02, -2.02,-2.02 ,2.13, 1.90, 1.71, 2.01, 1.56, CIt 14 60

S-1.56U 1.51, 1.3, 1.33, 1.64, 1.67, 1.70, - .2,- 2.39, -. 18, CID 14170
-2.3O, 1.93, 2,0, 2.29, 45•, 2.7, 2.21, 2.180, 2.40, 2.41, CIO 1480

£ 2.45, '.51g, 2.23, .49, .o0, 2.FI, 2.729, 2.52, 2..32, 2.6/ CID 1430
DATA 1.I Q 0, I=131., 1 .58/ CIt .500

S 2.51, 2.72, 2.62, ',52., 1.0, 2.14, 2.79, 2.74, .2.70, 2.88, Cit 110
2 2.31, 2.1', 2.02, 2.04, ?.•92, 2.98, .88, 2,81 , 3.02, 3.08, CIE 1520

3 3.26, 3.03, 3,14, .63, 3 .03, 3.11, 3.15, 3.30, 3,31 .3.,2, Cit 1530
4 3.00, 3.06, 2. '9, 3.4 0, 3.31, 3.2, 3.08, 3.09, 3.09, 32 ., CID iS'0

3.0?, 3.07, 3.3, 3•.49, 3.Z1 3.07, 3.58, 3.792 , .70, 3.9,0 CiO .Oso

S3.39 5 .11., 2.1, P.n52 3.10, 3.01, 3.18, 3.32, 3,.3, 3.35, CIa 1650
7 3. 43, 2.9', 2.39, 3.5, ?.92, 3.82, 2.50, 3.678, 3.59 , 3.630, CIO 15ý70
S3.66,. 3 ..0 9, 1.8, 3.31, 3.41, 3.23, 3.32, 3.12, 2.91, CID 1580

9 2.91, 3P7, !.2', 3..0 72,. .6, 3258, 2.2, • .22,. 200, 1.97, CID 1590
£ 1.607, 1.62, 1.64, 1.53, 3.1.56 1.61, 3.52, 1.48, 1.72, 3,42, CIa itO

$1.40,1 1.4 1.43,3 1.5A, 1.52, 1.51, 3 1.92, 1.39, 1.39, 1.30, Ct10

7 1.40, 0.16, 1,21, 1..0 , 1.22, 1.10, 1.18, 1.20, 1,19, 1.17, CID 157o
8 1.10, 1.10, 1.09, 1.107, 1.11, 3.01, 3.8 .90, .1, .90, CID i,30$ 1.08, 1.02, 1.'64, 1.5,1,.2S6,,1.51,!.52,1.487, .42,51,42 CID 1650

S .42, .I , .20,•.1, -. 08, -. 17, -. 26, -. 35, -.44, -. G3, CiD 1650
5 -. 63, 7. 7?, -. 83, -. 3,- *0,-114i*2,i*3-1 '4 -1.I4 cit 1

9-2.64, -2.74 ,-2.84, -2CIDI*0' -1,3 2 - 4 -34', 3.54 C to10
1-3. -3.74,-8,, -3.4,-'.*04,-.00,-.00 ,-5.00 v-5. 00- 5 .500/ CID 1690
OATA(Cj(1),I 1521, 171U) / CiD 1700

1-5.00,-5.C0,-5.90,-.70,-5.0O,-5. C0,-5.0c-5.00,--5.00,-5.00, CID 1710
-5 00,-5. 0•-5.30,-5o0O0,-3 G.0-5°00,-.00-S.00,-D 00, - 5. 00, CID 1720

3-5.009-5.700- .no,-S.10,-SoOO,-5.00,-5.OO,-5.00,-5.00,-5.00, CID 1730
4-9.00, -5.C0 -. 00,-F .007-5.00,-5.03,-9.50,-5.00 ,-5.00-5.00 I U 1750

•-S,00,-5.00,-•900-5.•0O-5.00,-5o07-1-.00,-5.00,-5.00,-5.00, CID 1760
7-5,00,-S. 00,-c, 0-0n,-5. -I ,-9,O0,-5.00,-5.00,-S,0O,-5., CiD 1770
8-4.5 ,-,,- 3.97,T-'.,,-'*25,-S.?0,-.1,-I57, -3.,43, -3.4,• CIO 1780
9-3,25,-316,-%0?-7.-. -2.09, -2.00,-7.71,-?.62,-?. 53,-?*44, CID 1790

lou
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,-.19'-1. 10,-1, 01 -,92, - e3, -. ?h, -. 65, CID 1810
1 -. 56, -. 47, -. 38, -. 29, -. 20, -. 14, -. 05, -. 02, .C3, .10ia CI 1820
S .17, .?2, .0, .35, 41, . 45, .42, .40, .43, .46, Cit 1830
S .50. . , .71, .84, .93, 1.01, 1.06, 1.07, 1.0 2, 1.01, CID 1840
s 1.12, 1.73, 1.24, 1,28, 1. 34, 1.43, 1.;2, 1.56, 1.59, 1.r6, CID 1850
$ 1.51, 1.61, I.r0, 1o. 0, 1.82, 1,92, 1.94, 1.89. 1.81, 1.45, CID 1-80
$ 1.?30, 1.28,.43, 1.,0, 1 49 , I'.5, 1.48, 1.32, 1.39, 1,53, CID I870
S 1.82, 2.23, 2.61, 2.r1, 2.20, 1.86, 1.61, 1.19, 1.32, 1.52, CID 1880
$ 1.70, 1.90, 2.01, I. 2, I 91 , 2.12, 2.10P 2. , 2.18, 1.99/ CID 1590

CATA(CI ( )1) , 1=l71,1900) / CID 1900
1 2.i1, 2.28, 2.21, 2.13, 2.•0C 1.91, 1.92, 1.97, 1.M8, 1,91, CID 1910
2 1.91, 1.97, 1.93, i.'4, 1.61f, 1.58, 1.27p 1.20 , , 1.11, 10D 1920
3 .99, .e6, .71, .60,.44,.31 .19, n3, -. 07, -. 21, CIO 1930
4 -. 3•, -. 49, -. 64, -. '79, -.- 94P-1. I ,-1. 24,-1 .41 ,-1 .57,-1.75, CID 1940
5-1o51,-2.09,-2.27,-2,45,-2.63,-2,01,-2.99,-3.18,-3,3/,-3.56, Cie 1950
6:-3.75,-1X. 94 -4. 13, -4.. 1 ,1 -4,. 49 , -4,, 66, -4 o.83,-4 .99 ,-5. 14,- 5. 28, Cie 1960

7-5.00,-5. 00,--.00,-5.00,-5, CC,-5.0CC-5.00,-5.00 O-4.68,-4.26, CID 1970
8-I89,-3.17,-2.I?,-5.i,-?. 91,-2.89,-?.79,-2 .74,-2.63,-2.47, CiD 1980
9-2. 29, -2. 20 , -2. 17, -2. ?3,-2- 27,-2. 32,-2. 12 ,-2.08 ,-2.07 ,-2 .07, Cie 1990

-2.07,-i.9,-1.7?, -1 . 70,-I •63 ,-i.60, -1,59,-13, -1.21- 1. 15, CID 2000
5-1.09,-.1.3,-i.29,-1.19, -. 98, -. 93, "-*0, -,91, - tt, -. 71, CiE 2010
£ -. 62, -AS9, -. 58, -. 63, -. 5B -. Z9, .22, .14, ' .06, -. 011 CIO Z020

S -. 01, -. 08, -. L0 , -. 16, -02, .18, .32 , .42, . •79 .23, CIt 2030
S .12, .15, ,-8, .4 , .59, .58, .53, .44, .39, .38, CID 2040
S .35,-.?3,. ?6,, .19, .08, .10, .18, .27, .30, 43, CIO 20'0
$ .32 , .37, .58, .64 ,.87, .98, 1.00, 1,02, 1.13, 1.08, Ci1 206C0
3 1.08, 1,16, 1.16, 1.30, 1.41, 1.40, 1.32, 1.32, 1.3?, 1.42, CdID 2070
$ 1.50, 1.42, 1.-38, 1.36, 1 . 38, 1.49, 1.63, 1.62 , 1.62, 1.70, CID 2080
1 1.68, 1.60, I F . F, 1.16, 1.63, 1.64, 1.10. 1.49, 1.49, 1.52/ CID 2090

UATA(Ci(),1=19gi, 2090) / Cie Z100
1 1.58, 1.62, 1.62, 1.61, 1I.1, 1.62 ,1.63 1.71,1 .72, 1.70, CIC Z110
S1.70, 1.67, 1.6?, j.A6, 1.70, 1.67, 1.6,1 1.49, 1.4?, 1.38, CIO 2120
3 1.26, 1.20, 1.13, 1.14, 1.19, 1.29, 1.50, 1.72, 1.86, 1.78, CID 2130

4 1, 82 1.88, 1.82, 1:891 1.99, 2,00, 2.14, 2.04, 2.02, 2.02, CID 2140
5 1.98, 1.90p 1.83, 1,.A, 1.72, 1.69, 1-59, 1.50, 1.36, 1.20, CID 2150
b .98, .63, .f3, .79, .16, .05, .02, .03, .03, .01, Ci 2160
7 -. 0}8, -. 1e, -. 20, -. 11. - . P6• . - .l - 1 h,• -. e! -•, - OE, CIE '-1 17 1 710, .18, il,.'?2, .42, .44, .36, .28, .42, .43, Cit 2180 1

9 .41, .33, .32, .41, .50, .46, .31, .18, .0e, 20, Cie 2190
S .21, .34, .36, .28, .3s, .39, .42, .m8,.3• . 30, C10 2200
$ .16, -. 01, -. 23, -. 41, -. 529 -. 48, -. 58, -. 61, -. 48, -. 3, CIO 22010
S -.O, .21, .3 6, .9g, .47, .44, .40, .- ,1, .59, .5-3, CID 2220
£ .69, .-r7, .4 P, .92, .62, .59 .55, .r5 0, .32, .26, CID 2230
$ .11P -. 08, -. 10, -. 16, -. 43, -. E2, -,88,-1,09,-116-1.31, CID 2240
9-1 4,, •' -i4,I 9 .7q7-1.91,-?*01,-i.97,-i,*9,-l.97,-I.9?,- 2.26, CIt 229 0
S-2.20 ,-2.01,-1.99,-2.00,-?. 04,-?, 7,-2.49,-2.44,-2.36,-2.32, CIO 2260
S-2. 19-2, 10,-2. 25,-2. 16,-2* 36 ,-2. 4 ,-2.4 0 ,-2 .49, -2.48,-2.?43, CIt 2270

S-2.4,-2. 3E ,-2.4 0, -2.49,-?7.99 ,-2.68 ,-2 .89,-3.28 -3 . 51, -3.74, CIO 2280
-. j 97, - 4. P0 ,-4.41, -.4 6,-.4 89 ,- 5. 00,-9. 00a}5,- 5,00, -5.00,- 5 . 00/ CID 2290
CATAtCt(I),I=?091,2?00)/ Cit Z300

1-5. £0,,-5..v 0 C.000- ,-.0-S00 ,-5.00 ,-5 .00,-5 00, -5.0,-5.00, CIt 2110
•-6.(00,-n,00 ,-=.(}o, -5.* no,-5,*0o,-;. 0n,-s *0oo,-s *00,--5 00,-5.}00, CItD 2320
3--5°00,-.0,-00, -r-- CID 2330

4-.0,(0 -S. I0 ,-5. 0?,-150, -i0,. Co} ,-5.0(0,-5.(0G,-5,00,-5. C0,-S.(01, Cit 230
9-1.00,-5,.00,-4.0(0,-9.00O,-;.o,,O-s.}Oo,-s.oo0,-s.o00-•.oo0,-5,o0, £10 2350

6-S 0• - a.00,- .n u, -5.0 ,-3 * 00 ,-3. 71 ,-3 .56 6-3 .40 ,-• 21,-3.16, Cit 2360
7-0.g9•0 , -?.7?f. , -F, - 2 6,- ?.2,-2. 1?,-2. 0}; -1. 87,-1. 79,-1.74, Cit 2370
8-1. 83,-i .A2 ,-1.71 , -1. * 9,- . 49 ,-1 .46 ,-1 .46 ,-1 .49 ,-1. 49,- t 25 , Cit 2380
9-I.24,-1.08, -. 90,-1O.- -., - -. 91,-i.01, -. 99, -. 87, -_92, CID £390
t -. 79 , -. 42 -. 38, -. 42, -. 48, -. 34, -. 07, -. 17, -. 28, CIC z2500 a
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£-3,-2,-.30, -. 06., -. 01, -. 20, .0b, .10, .0F, .14, CID 2410
S .12, -. 02 -. ?, --. 1 t, -. 11v -. 10, -,06, -. 05, . C4, -. 10, Cln 2420
1 -. U4, -. 0c, -. 21, -. 18, -. 61p -. 40, -. 71, -. 42, -. 5f8, -. 57 C1i 24!0
S -. 54, -. 24, .11, ,Cj, .81, .7 9 , .62, .26, -. ýI, -. 67, CIO 1240
s -. 80, -, -. -9, 0, .39, -. 10, .09, .C, .08, ,16,. 21, CIU 2450

3.12, .'2, .113, .341, .60. .1i, .5, -. 401, -. 41, -43, CiG 2460 -
S 423,.-, .3,.34,. 220, . 12 , I5I, -. 4310-.4!I,,- 41, C1k 2470]
S-.41, -. 59, -. '4 -. 69, -. 4, -. 01,-i.0iq',.10,-1.1 ,-1I.99 CID 280.

0-I.4,-1.49,-I.67,-I.7,-I. 51,-1. ý6p-1.01.cap ,-1-13,-1.51/ CID 240O
DlATA (C (I ), ?2R1, 2470)f/ CIC 2500

1-i. 42,-i.40 ,-1.2f, -I. 5 ,-12.71,-1.0 U,-1. 0,-1.28,-1.9,-j.633, CIO 2510

3-1.41, -1- 1.&,-i41,-1.31,-1.•5,-1.13,-1.20,-1.41,-1.88, CIC 2.30

E-I. 48,-t. 08,-I. 42 , -i.3 ' ,-a.8 5 ,-i. 8,-i.92,-i .58, -. .69,-1,79, CID 2540

7-2. 00,- . 16, -1.99,-2 23,-?. 04,-2. 0q,-2.39,-Z.74,-?.09,-3.44, CID 2570
8-3.?Y ,-4 . 14 ,-4,.49, -4 .•-•. 19,-?. 46,-2. 26,-1i q,-2.01,-2,14, CID 2580
9-2.31, 1; -'!-.0 1,-1.99, ,14, -2. 4 1 -2.12,-1 .99t-1.84,-1.79, CIa 25S0

--1.21,-.70,-1.7,-1,6,8-1. 78,-3.52- 1.8,-l .9, -i.22 , -. 91, CID 2600
S -. 9O,-1.0I, -. 76, -. 90, -. qO -. 90,-1.i9,-I.00, -. 79, -. 68, CID 2610
£ -. 66, -. 77, -. 5%, -. 5,5 -. 61, -. 61 -.(8, -. 51, -. 92, -. 83, CII 2E20
$ -. 61, -. 41, -. 29, -. •9g, -. 61, -. 74, -. 19, -. 18, 0.80, .19, CID 2630
S -. 10, .20,.20, .02, . 20, -. 01, .10, .28, .11,. 0.0, CI1 2640
S -. 77, -. 10, .02, .16, .20, 0.00, .09, .09, .09, .07, :iG 2690
S 22, , .11, 1,. ?1 , .09, .21,.20, .337 ,.20, a07, QI0 26(0
$ .09, ;,q9, -.169 -,f-q, -. 74, -,88,-1.01, -,86, -. C4, -. 19, CID 2-70
£.19, .2, ,.21,. ?9,. 28, .29, .5,, .54 .51, .60, CIC 2680S.40, .49 ,. 4, .G6, 49,. 27, 06, -. 33 , -. 6el- Ii/ I'IC 2690
rATA(C I(I),1=2471,1?5O)/ CID 2700

1-1. 1,- . !7 ,-1.52, -1 .54 ,-1 .94 ,-2 . LE,- . 06,-2. 149,-1. S6,- ? 03, CID 2710
2-2.O00,-?. 08 -?.23, -2. ',-2. 31 -2. 53•-2. 31,-2.5I,-2. 31,- 2.28, CII 2720

P-2.34--.L4,-1o j,.82,-l. 6 9,-1.56,-1. 4 ,-1.j,.-I.75,- 1 .8 3 , CI 2730
4-1 •5761-1,.-r4-68,-1.69t- .56,-I.60 ,-I.71,-1 .36, CIO 2740
;-I.'•6,-1.44,-01.40-,.•;1 .40-I.R,-0!3-,..0,-i. A,-i.8S,-1.:35 CII 27970|

•-I. 2,-1. 11-i .'1 ..- t -'&,-I.6 ,-i.23,-1. 23,-1•7-.-•30,-i49 CIO 276O
-1. 2

8
.- 1.?

7
,-1. '•

7
,-I."2- 32,-1.22,-1.28,-I.30,-i,69,-Z.u7, CID 2770

0- 7-' 8,2.58, -. 00,-2. 58,-?2. 4', -i . 88,-I .60 ,-i .26,-i1.16, ci IZCF78
9-1.23,-1.10-1.'3-.10-.33, -. 00, -. 80, -. 00, -. 10, -. 97, CIa 2790
S -. 91, -. 91, -. 92,-i.13C-i ,2-I,536-I .9,-2,i8-2.32,-2,63, C201
$-3.91,-4.20-4.4q,-4o'8,-b.07,-5.07,-S.7,50,-5.07,-5.0?/ CIO 2 f 10

CIL=C I(LI CII 2200
RET URN CID 2•57
END C I 20e0o
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SUBR(UTINt CZCT8 (rLL) C20 10SUNIrORMLY WIXEO SASF? C?0 20
C CP LOCATIJN 1 V = 503 CM-i C20 30
C C13 LOCAnION 1-19 V = 0or0 CM-I C12V 40
C C2 LOCATION 151k V = 12850 CM-i C20 50
C C2 LCbTION 15's V = 13745 CM-i C20 t0

COMMON/C2/ C2(1574) C30 70
OATA(C?(I)0 Iz 1 9 Iq0)/ c21 g0

2 -. 71, -. 51, -. 30, -. 36, .02, .49, .76, 1.08, 1.29, 1,96, C2C 100
3 1. 76, 1.91, P. 8, 2.23, 2.36, 2,51, 2,72, 2.90, 3.12, 3.37, C20 110

3.46 3.6Q, 3.70, 3.86, 0.680, 3.86, 3.73, 3.58, 3.38, 3.1?, 1320 120
5 2.86, 2.73, 2.ý?, 2.11, 2.17, 2.01, 1.89, 1.77, 1.E3, 1.47, C20 130
6 1.?i , .?,.53, ?3,- -. 17, -. 53, -. 74, -. ,1 -. B4 , -. 68, C20 140
7-1. 00,-i.18,-1.,-i .61,-0e61-Z. 10,-?. 29,-. 51,-2?. 72,-?. 91 , 20 1,0

~ 120 160
9-5.00,-2. 68 ,-2.47, -2.19,-1 * q7,-i.1,-1. S5 ,-1 !2 -i. 21,-I. 13, C20 17C
S-1.09,-1.11,-1.i'1,m1.09,-1.01,-1.Ol,-1.11,-lo,3,-l.•66-2.10, 020 180

S -. 96, -. 91, -. 90, -. 87, -. fO -. 79, -. 86,-1. 0'-1.21-1.69, C20 200
S-2 .I1 ,- .74,- 0,0, -3,. 50, -3 . 1l3, -21, -2.23,- I .09, -i . 54,-1 .28, 020 210
S-1.13,-1o11,-lo16,-1.70,-t.?3,-1.21,-1.i7,-i.,-l.113,-l..19, C20 220
$-1.20,-i. 17,-i.?, -. '9, -. 68, -. 2 , -. 24 , -01, .18, .40, C2D 0 30
O .7P .77?, .96, 1.07, 1.13, i-il. 1.08, 1.,1, 1.27, 1.33, 021 240
£ 1.44, 1.40, 1.13, .19, .63, .;4, .65, .78• E 1 86, Cz1 210
$ .87 .6F , -. 12, -- 48, Ur2,-1.T3-1.89,-2., 02D 260

D1TA(C?(7)TI= 191, 3801/ C0D 280
1-1.f9-0.8?,-i.09,-l.Q,-t.94,-2.04,-2iO1-2. 23 -2 2,-2. 48, C20 290
2-2.7l,-3 -0,-. 00,, -2.99,-? 43,-. -. 69,-i. 42, 3.•8, -1 . 49, C20 300
3-1.*70,-?. 01t,-2 .41,-?.B4 ,-2 63, -7.49,-? * 8,-?.??,-2 .16,-?. 05, 020 310

4 -1. YbL-1.,8 3- 1. 76., -t.71 ,-t .70 , -1.7?, 1-1 .801,-1 .92t,-2.C!, -2.-27, 1320 -30

§-2.61,-3.21,-.0i.-5 -.00,-1 0-00,-5.00,-5,003-1,00.-5.00r,-2.908, 021 !306-S. OO,-5.00,-£.nO,-5.oo,-5,OO,-5.00,-5.00,-5.0O,-5,1I',-5.00, 0C0 140 i

9-2,3,-?.7?1,-.fl--t.7- -2. 8, -2.-3-2. 33,2. 01,-1.6E4,-1.32, C20 !70
S -. 97, -. 1',- -. q99 -. 60, -.63, -. F9, -. 87,-1, 8,-1,76, 020 380

$-l B3 -i. ?• J~g t- ,03 mZ O2•2. E,- .Q •-2 0 -3 08,- 3. 11, C2D 0 !

S-3,00,',n,-27 -?,39,-?o1-F9-36 -.59, -.63, -.28, C021C 400
$ 0. 00, .08,P',-I IZ 1, . 12 ,.07,.-01i,-. 08, -.e3, -.40, 020 410
I -.51, -5, -.57, -'60 , -. b61, -.73, -. 81, -. C-.0,102 2 420
£ -.91, -F8 -.41, -.19 . IF1 .41, .7?6, 1 .00 , 1,18, 1,39, 020 420
S 1.51, 1.58, 1.618, 1,'1, 1.8 , 1.;1, 2.02, 2,18, P.32, 2,50p C120 440
T 2.61 , ?.ý3, 2,1 1, 2 .39, 2.96, 3. 04, 3.14, 0.27, 3. 41 , 3.55 , 020 450
O 3.7?. -5.OQf0, 4. 03:, 4 .7?2, 4.,42, 4.61, 4.. 71t, 4 .7r3, 4.65, 4.63, 13V0 460
O 4.7?, 4.78, 4.70, 40RQ, 3. 62, 3.28 , 2.•9, 2,30 1.86, 1.35/ C120 '20
DATA(G7(II= 381, 570)/ c20) 48O

1 F,?, 2-L.,-1 .69,- ?- •-..1 0 -1.7,-il53,P-1i3?1-1 .2• -1.15, C20 490
2-i 12,-i-I, 3-1'5,T-1,726,-i * ,-I, -I* 20,-i, *2,?•-I. ,-I. , C2C 5E0

4 -. 19 -(.7, -.4 9 h,? ., -.31, -. 34, -. 49, -. 75-.i20 520
5-1. 43,-?. 1•i,-.4,-2 . 89,-?. 8-2. -. 7I, - - C,-20 530
6 -2.4, -',1 .410ý4 ,-7.49-. 43,-?7. 4-,,-?2. 46,-e 3-.6,? 74, C? 1 540

132010

8-2. 2, , - ?.... - F. . 5- *.2 -1 . .96,-i .88 . -1 .84 ... 6 ,-I 1 C1 .0 6. C.0 'Ed
9-1,07,-i,(3,-.917 3,-1 .t8 ,-1,.6 4,-i1. `9,-I. 7L, ,-1,7 9 ,-1 .87, 1321 171C

S-17R,1.',-.~,-1z,-.2,-i00 -. 3,-.69t -.F3, -. 41, 1320 5800
1 -030, -. 19, -.0', -. 04, .02,.-10,.16, .18, .?3, .2, 1320 590

$.27, .?6 , .?4, .'2 ,.017,12,,.07, -. 01, -. 07, -. 09, 1320E (00

201



Table Al. Liating of 'ortra-n Code IOWTHAN 5 (Condt.

9 32, .72, *Oj, 1.12, 1.03 C .7,:.1E -, 11, -.30p -. 299 C2C E10
7 -17~ -. 0 0.P 1 .09,.13,,1oa.Z4:.27. .29, ,, COO 020
s .•2 .2c, ?7, .I, o3, 09, 02, -. 04, -. 10, -132,• f2C '0
6 -. 51, -,17, -. e,-i.s1,- '0.1,-z.*•-,.e ,-2.04,-7.29,-2.49, u2C 2M2
S-2.62,-O.'',-'.03,-3.Z1,-5100,-5.30,-',00,- .n0,-5.no,-9. 0, CO20 650
I-0. 00,-5. 00,.-5.,) -6.,-5. n0,-5.00,-4., 3 -. 38,-3.C1,-2.63, C2D 60
$ - 2.72 - 09 -1,g9et l o4 - . O -~ h - .2 9 2 ;O o , 2 - , C20 E7'

nvAT0(C? (i), 571, '60)/ CZC F O
1-1. 51,- 1. 43 1l. I0, -1 .46,-1,&,19,?0-.4-.l-.6 COD 650
1-3.,f -. ?2,? -3. hk.-.1. 'G -3. 41 -3.37,-•3.,0 '6, C20 700
3-2.51,- .20,-l.50,-1..4,-I. 2?, -°.q7, -. 7?, -. 49, -. 20, .03, C2r 710
4 .20, .16, .,1, f0li .6,t .81, 1.00, 1.-2, 1.38, 1.56, C20 720
5 1.T9I, 1. .66 , .01, 2I.U, . 31, 2,.4, -,6.1 2.76, 2.92, 3.01, C2[ 730

6 3.0D5, I.7. V 7ý.0q5, ?. -8, 3. 0 1, 3 .03, 2.97, 2.78 , 27. 44, 2,.13, C ?[ 740
7 1.083. t,'ý 1.49. 1,6V, 1. 67, 1,94, ?,22, 2.50 , 2.71, 2.91, cD ?70
8 3.12, I., 3.17, 3 . 15, 3.21• 3. 2, 3.19, 2.90, 2.-9, 2.14, C2C 700

9 1.70, 1.22,.55, -27-.0'4.-2 .54,-3.00,-2.94,-2.78,-2.6•, COO 770
I-2. 61,-2.b0,-? .6.,-?..01•-2.'.-7.5.,-2.472-2, - 2,- ,77,-_04, C2O 763r

S-3. *3, - X.9F, -. 00, -. r0, -5, 00,-5. 00 ,-.00 ,-,. o0 -5.00 p-= 0 C OO 790
$-5. , o,-' , . 00 O,6 -1;. • O -5, 0

0 
,,5 0 ,-.O, )

31
- ,10 L2C eC00

$-5.00,-4. 00 -'.1,-'.6O, ,-419 1537-3.44 , 3 -'07, 3,5,-3,Sj 5, ZE e 10

S-7.o03-;.00 -. n 0, -q . 0 ,-, 00, -5. 00- 5.0,-5.0,-,.O0-.0 Cz 830

0-5.0o,-5.O03,-%oo0,-s. 30,-4.62,-4.07,-3.89,-3,76,o3.e:7,-3.56, COD e'to

S3- 3. 4 ? .-- 3, "5,-!. 6 6, -3 18,-3.14,-3. 11,-3. 09-3.1O,-
3
.12,-A.'3, C2P 060

0-2,20,•-3.3,-3.3-3,!T2-,•-3,14,-2.0,OB-3.08,•-2.93,-2,0'9,-;2.91/ CZO 070

_ATA(CC II) ,I- 7k1, 9•n) / czc 580
1-3.l0,-'.l0,-'.,- 1 : ' 1-3 .4 -3. c0-3. 0c- .00 ,-r.C -5.00, COD 090

7-6 0,-. ,3.8,-¾69-) * 2 ,-3. 18 ,-2.95 ,-2. 77 -2 51-28 COD 900

5-3. 21,-4. 1o ,-% 0 , -, 0,-". 00 ,-5.00,-. 00,-5.00, . 00,-5.00, C I? -920

q -.97,-n,0 7- L tI A A,9L.3..99,39-.5,. . . , cn 10 40
7-3.l7ý,- .Q99 - ?. F4, -?. '3,-2 . '9,-2.,68,-2.,f9,-2. t95, t-2,FO-2,59, 52D 950
8-2 . 57 ,-?. F2 ,-2.8 1I -o.,-!. 20, -3. '9- 3,- 3.36 -3 31 .- 3,03 CO2 9 0

9-2,93,-?. 80-2.E4',-?.2,2-?.,37,-2.20,-2,20,-2,13,-2,t7,-7.2,07 COD 9.70I
0;-1.96,-1.'8-t.'0,-1.43,-1.44,-1.31,-1.70,-1.80, -,98, -. 94, COD 880

1 -86, -76, -', -.31,1 - .00 ,.13,,.30,.37,. 36,. 36b, COD 990
s .75, 715 . .o 4, .48, .41, .23, - 08, -. 3t -. 67, C2D 1000
1 -. 88, -. 6,, -.q9, -.87, -. t67, -.- '&, -. 12, .14, . 44, .68, COD 1010
1 .90, 1.11, 1.10, 1.74, 1.25 , 1.26, 1.27, 1,M, 1.59, 1.50, CZ 1020
0 1.20 , .71, .11, -. '8 , -67-P-102-1,.61,-1.5-,-1,11 C20 1030
$ -. 91, -In, -27?, -. 06, .g,1 .- (, ,?3, .92, .81, .73, COD 1044
0 .79, .q1, 1.01, 1.03, , .8 ,7 2 ,.6,1, .. 8, .12, -.21, CZD 1050
1-.47. -f 7 1-.?3,-1-.7,-2 ,3.1,-O.76,-3.24,-1.49,-.,.-1,-3. 47, C25 1060
3-3.,9 ,-3.27,,-7,43, .> 3,-3. ';0l, -3.,6,-!.18.- 3.07 ,-2, 96,-3.08/ C C 13070

VATA( C(I), .I 910,x 1140) C20 1080
1-'.14,-_ 4O,-'.?3, -. '17,-2.3-,-247,-2.23,-2.07,-1 . i,-1./8, C2C 1090

1-. 61,-1. 45,-1_I, -1 .23,-1 .2b -1. 40,-1, 57,-i.98,-2. 28,-?. 87, COD 10
-. 74, - 9. P 0 - 0-5. DO CD 1110

4-1.00, 1)- ' 110,o , • -. , 00 -5 0U-S 0,-500 ,- . 0 - . 0-5.00. Cpn I ; n

'i-5 .00 , -i 00 , - .0 0 -, 9D = , 00 ,-5. 10, -5 00, -5.00•-, -r 0Vo - G.g 00 I{ in

7-5.00,-•,,00,-'.00,-6.9)0,-6,'t0,-6.00,-%.00,- $0•5,00,-5.00,-,0 CO'D 115.0
8-0.00,- * 70, -9.07, -r'.20,-¶3.C0,-0,f0,-5.00 ,-5,00,-5.00,-5.00, CZO 116'0
9-5,0O ,-S, 0,-. a,-. 0,- 0 ,-5. 0,-,00,- 5. C -, -5•.0•,-5.00, COD 111
$-G.00,-. 0,-%0, -3. 90 - -00 0 0-5, 0,-5.00,-5, 0- , 00 . CO 1180 I:
0-, 000,-' 00 ,-C.O, -10 , -5.0-5.00-5,00,-0.,0,-5.78,-5,00 COO 11o0

202



Table Al. ]isting of 1,'ortr'an Code LOWI ZAN 5 (Cont.

5-5.000 ,-5.D .-o . 0a,2 i a -9. 0,-1 . 55-t0 0-S .0-.00,- 5. n0f C20 1210
s-u.0fl- .00 -5.-001-'. n, 0n.-S.000 go0,-".00P-5.00,-5.00,-5.00. Ci2 1220

S-5.001 ,.907 Y, -4. 6 40 4 .?9 4 1 , - . 0, C2t 12 20
$-! .?3, 59,-3.62,-3.72,-,3-.9-.1-.2-.1-.3 Cit 1240
5-2.1(,-1.27,- .1-, -2.11,-?.78,-2i29,-2, 1,- .06, -1.11.99, CiD 1260
0-7.27•-'.S9,-2,9R,-.35,-3. t-9,-3. 79,-3,8 -3,53.-3.,46,-3.39, C20 i260
S-3.-31,--3.-8, -297,-69,-2.39,-2.11,-1.83,-1.,-1,69,-l.2/ C20 1270

D)AT A(M 7( V ,IT 141 , 1 3 0) C 2k, 12f0

1-1.0e, -te9, -. 6F, -. 94, -. 71, -. 79, -. 78, -. 66, -. 49, -. 54, CUO 1290
2 -. 0,-1.' ,-?. OA, -2. 44,-3. 46,-3. 72, -3. 74,-3. 59,-3. 22,-2.98, CiC 1300
3-2.?',-2.71,-1.64, -10.7.-I .08, -. 86, -. 72, -. •I, -. 70, -. 72, CiD 1i10
4 -.- 67, 7•- , -. 1A8, -. 61, 1-8.,-1.,-1.9,-i ,-3. :,-4.k021, C2i 1320

5-4. 7,-k. 42,-A.??, -4 * R,-6B00,-5.00,-S.0,00-S.00,-S.f,-SO0-,61 Cit 1210

6-4q3,4.4,,-.99 -45,?.9,-26!,2.30,-i. 09, -i.o,-i.Oi, Cit 1340

7-7.16, 7.-103,-?.06, -1.16,- -°03, -2.80, -278,-?.601,-?.7 01-3.zS, .2 1350

0-3.020, -3. ,-'.,-3.09,-506-4.00,-S co,-5.00 -c.O-0,-.00, C20 1700
9-5.00,-5.00,- .00,-5. 07-5.00,-5.00,-5.-00,-,0,-5. 00.-5.00, C0 15170
S-4. -,-5.69,-4.1 .-6,-f .--, -i50,-5900-,-!.19-!.10, C2i 1380

$-Z-?0.-?,00,-2,00 19 -•.o12,-2.41,-?.•2,-2-06,-?.00,-2.1d, Cit 1400
5-2.4L.-7•09,-3. 1;07, -4. 09,-5-,. -00,-5900,-6,0#-4 ,961 CZi 1'.10

$-4.,1?,-3..10,-3.'37,-3.30,-1.0,2-87,'4-.8, -. 60, -1,9,-1.13, Cit 1430
S -. 04, -. 04, -. 06, -. t6, -. 16, -. 19, -. 239,-.45-0 -Z,1.7 Ci0 1440
S-2.79,-3.71 ,-4.0I,-.0-, 35, -6. 58, -A4. 73,- 4.681 ,-1. 00,-5.00 , C?£J 1450
S-s.O,7-Uom,-0.00,-,n0,-5. 00o-6,O0t-5,-,0,-5-009-S.toO-5.O0, C20 1450

lAT•A (C-(II) -° -o, I=, I1 I /,•1; ? n)/ C20 1400
1-5.00, -5. V-.U 07, 0., -5.7CD -,5.0,-5.00 ,-5.00,-S .00,-5,00, C20 1490

1-5.O0,-5.0-0 000,-S0,-5.0 -5. 00,-5Ds.-5.00,-5.00 Ce 1510

C2LC2)C2D I1120

i-5.0 ,-,0,S0.SO,50, ,-5 00,S.0,-c0l-S0O,-500 Citi20 Iý
6- 5 0-.0 -F -E0O-4 .71,-4.?1 ,-3,,-S69 ,3.50,-3 34-3.i?2 cit 1540

7-3.23,-3.25 ?7.4, -3 . 18,-3 .10 ,-3. 07-3 1-3L1-3.aEf?-0.12 C2V 1555

ENDC2D 1770

2 02,-3.49,-4.16 -C2 150
S-S,0,-.00-".0,-'.00-S.0,-.Cj-S.0,-S00,4.O,-46O, Cit 1590

5-4iI-5.0,'.6,-.S6-3S1,3.1,-.5,-.4q,-3.41,-3.34, Cit 16 00
5-334,3.7,-.S0-"'7,'i.3,4.5,-600-5.00,-5.00,-5.00, Ceo 1610

$-I.2Q.-I.g? -. 01 , 7.'0,-73 ,-50,-1 .08t- 1.019,-1 .35,- 1.47 , Ci.2t 164ý0
9-1 57,-.6,.80- '?1 ,- 04 ::-:18 ,-.33 :-2 :1-7: -2 : 61 :-2 :78, C 0 16E0
5-2.97,-T 10 , -3.?1% -1.44,-3.63,-3 6 1, -23.98 -4 .0,-4.72, -4.61, C20 1660a
S-4.71,-4.80,00,~0,50,50,500 ,S0,S0,43/ C2t 1670
DATA(C?(I), 0"1

6
1, t-7;7O Cit 1600

1-324-2'3,7.2,I.8,-.5,-134-116,i.2,-.82, -. 64, C.20 r±650
2 -- 4 8, -. 3', -. 0CI-,2.21, .39 , ,5i, .61 I, .72, 020 1700
3 S80, .- 6, 1.C7, 1.12, 1.18, 1.71, 1.17, 1,081 .,a, .90, 020 1710

4 -. S,1,-1.5,-1.4?, I.00,-1.004,-1,-70,51 8,1.13,-'.l0,-6.0Z, C20 1730

u 0 5 .eo/Cit 1240
C2L'C 2(L) £70 1750
RETURN C20 1760h
END Ci20 1770



Table A1. Listing of Fort ran Code L0W3IT A N 5 (Cont.

SUBROUTINF C'VIA (rlL) C3D 10
() C7ON COD 90

C C3 LOCATION I V = 575 CM-I Cot 0 ,
C• 03 Lc"ATICN 510 V = 370 CM-i 030 1.0
COMMON fC'/ c3(9hs) C3D to 1'
OATA(CtII,T.= I, Io)/ C03C 60

1-4. 15, T F ,- . O -2 .'4t-?.lZP-l-76,-l. 'O•- .1 .-.Ig - 1 930 70

2 -,20, -10 ,.07, .12, 4, .32, 43, .F2, .58, .65, C30 e6
3 .72,.79, .76, .;,2,. 68, f , .66,. 79, .e3, .83, C30 s0
4 .800, .78 , .6p, ,F' , .49, .42,,3. !, .26, .14, . 02, C~o 1o0
5 -.1c -.. 'b, -,j, -0,l -. 8,-1-,IT,-I.0,0-1.0.8,-7.o1,-2.47 , 030 110
6'-?,03,-'.?7,-3.59,% 'c-5~q.oo-00.-53,-.0,-S 00,-5.0o-~ 0,-s.0oo, C3D 120•

7-5 . 0 1 -00,5 ,-0, 00, -5, 007,-S. (O, -cc ,0,-k .0 ,-3 .50, -3. 14,-2 .3,, 1 0
8-2. 41 ,- . 10,-1.7f , -T .c 9,-1. 70, -. 0, .1 ', .35, .5 , .78, C3r 140
9 .95, 1.70, 1.4-C, 1.65, 1.80, j.97, 2., 10 2 .1, 2. !1, 2.38, C30 150
5 2.40, ?. 42, 2.,5 , 2.6ý2, .20 , 2,4O, 2 .54, 2.45 , 2.70 , 7.00, CO 1060t
S 1.20, ,.;, .9?, ,.0, 90, .89, .SO, .92 # S4, .95, 03[ 170
s .96 .9I .qo' ."0' . 5, .55 . 0 .30, . 19 008, C3O 10
5 -. 02, -,11, -.7?. -. 1, ".55 , -. 1, -. 89,-1.03,-1,18,-1.33, C30 190

S-1 . 15-0 , - 1.76 0- , 0, -5 0 -Z . 210, -2 Oýt- 59, 79, -- . 00 ,-• {] - . 2 7v c3c 200S CII 2100
S-3.61,-L,.10,-0,00, .00,-5. 00,-5.00,-5.,00,-00 a-5.00,-5.00t Cic Z20

'5 o 0, -5s. a00-F.OO ,-6. 00 ,-5 * 0-6.03,-s. 0,-S .0J ,-. 00,- . 00g C3O 230
-5. 00, -5.0O0 ,-'.0 3w-o .00 ,-5. 00-5.00, -5.00,- .00•-5. 00, -5.00, C3D i40

5-5. O00,-r. 00 ,- .00, -g. 90,-.00,- s.0 •-.03,-S 00,-s.00, -6. •0-5.0 Of C30 250
OA81(C'(I),3= 191, 3091/ C3c 260

2-5,00,- .00 ,-=,00,-5,-. 16,-I.S1,-3,66-3.41,-3.05,-Z.69, C3C 200
3-2.4.4,-7,1,-?jl,3,-1.•'6,-1.71,-15,=-1 .-I,41-1.3q ,-1.,6,-1.13, 030 25.0

4 -,97, .. 81, -,. -. 48, -5, -. 22, -. 14, -. 06. -. 02, -. 19, C3OD 300
5 .1 , -. 14., ,OFo, .26, -,07, -. 4?, -. 80, -.82, -. FO, -. 74, C3D 310
(j -,7c , -. 70, -. 84, -. ?9, -. r5, -. 81, -. 76, -. 70 -. 68, -. 64p C3 320
7 -. 6g, -. 66 , -. 1", -. 78, -. 04, -. 90,-1..J2,-1.14c-1.?4,-1.OO, 0 330
9-1.77, --. 192,- ',-T,-8-20,-4.,,-i O -,-i°O•,-.6-.Oq,-?Of,-2. 0., CO 3L1

S-1.36,-1.20,-1., -1.08, - .98, -. 88, -. 78, -.69, -. p9, -. 49, COD; 360
S-.37, -. 75, -. 1P, -. 10, 0.00 .16, .7 .38 ,57, .15P C!O 370
£ ., 3, 1.11, 1,0, I. 1.3 1.44, 1.-6, 1 48,6 .45 , 1.64, 1, 8,;3 C0 300
S1.49, 1.?73, .66, 0'8, - ý30, -,71, -. 66, -. 58, -. 49v -. 4, P C O3C 390
S -. 40, -. 40, -. 46, -,s3, -. 64# -. 7f, -. 89,-l.01,-x•,c14-1.Z6, C3D U00
S-1,O, -1..5 -3 13,-2l 28,-2.43,-2.64,-2.86, C3t 410
$-O.O03.-. -3c O- .. 72,S. -4,5.0S.006-5.00G,-s.00,-'.00 C030 420

S-5.00,-S.,OO-,.no,- n.a -S; .0 -5 o 0,00,-5. 00,-5 ,00-5, -9.ao, C3D 4'.0

t-5.O0,-5.O• ,-510, -. 0,-5,. OU,-t.00,-5.00,0-5.OO,-5.00,-.00/ C3t 450
DATA(C3(T),I= 381, 6401/ C3 460

1-5. On, C, 0 •-5, 90 ,-5. ýv •-5 • 00 '-s .00,-'3 , MO 4-.0 76. j r-• 0 7

2-5,0 0,-. 00,- q.90,-s . ,-s5. o0 -5,00,-5.,00-s *00, -, 00, -6.0 t, C 3D 4 80
3-5.O0,-5.00,-5.00,-9.0,--5. 0,-, 0-5-5. .0 -5.00-a.00,-S.00, CII 40
s-5.00,-S.6,-S. 0,?0-4.16,-3!'97,-3,77,-3.58, 3.38,-3.-07,-2.75, C3 O0
5-2.4,-. 12,-1.8, -1r.87,-1. 30•,- 1.07, -,98, -. 9L, -. -. 86S C3D '10
6 .81, .77, -. 72, -. 68, -f3c -. 58, -. 53, -. 48, - .41, -.34, 030 520
7 -:,7 -. 19, -,IT, -. 18, -. 1c, -. 46, -,-i~i2,-1.45,-1.75t C3O 530

-- .o o0 -5. n,-5, oO0-4,16,-3., -3,63, C3C 540
9-3.37,-7t,•O#-?.7, -, .4* 7,-'. lq,-1.8, _1-7l 3,-1.6,(3 1 '• -t, l C3D 550

$-1. 35-,-1.?-i.,-1-.o9,-L..02, -. 96, -. 69, -. 62, -. 73, -. 68, C3D E5(
S -. 54, -. 4-, -. 17, -. 12? .05,,. 18, 25,-.31, .39, .47, 03D 570
1 .4, ,.4, .0, .10, .48, .46, .23, 01t -. 11, -. 33, c3D 58O
$ -. 55, -. 77• -,.' -.Pe -. 94, -. S2, -. 51, -. 90, -. ESP -. 80, C30 -=o
S -.7f, -.71, -,.6, -. ,7, - F6 -, 5, -t 5, -. 66, -. 67, -. 68, C30 600
S -. 70, -. 72? -. 51, -. C.5,-1. 0I,-1,04-1.74,-1,O' b-0, 11-1.60, OO 6iC

1-.3,!'',p 7?-.6,-5.?1l,-4.16,-s.00,-5.O,-130 0, - a0a/ COO F 2
C3L- C( L C3D f 30
RETUPN C30 f 4c
END C30 E5S
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Table A I. Listhig of Fortran Code I2OWTILAN 5 (Cont.)

SUqVOUTINE 0600TA C0o in
COMMON /C4C6081 rft0l.•)C,;191,cs8U1Ž) C'0l 20

C N? CONTINUUM C6D U0
C £,4 LOC6T3ON I V = 20A(0 CM-i C6D 40
C £4 LOCATION I " V = -740 CM-I C£0 50

0ATA(C4(1),I= 1, 11.)/ C£0 60
t .917-0I, Z. 86$0-04, .090E-04, f, r6E-0 4, M. 85E-04, 1,06E--• , C40 70
2 1.3E-03, 1.73F-P3, .22E-03, 2.2•3E_0-C. 3.(0-0, 3. 5-0-0, £40 • 0
3 5.'4(,F-0,It 7:.9F-iI: 9,00E-03, I.ISE-02, 1.36E-02, 2 . 6E-02, C£40 S0
4 1.96C-02, 2. 16r -02, 2.36F0- oz 2.E0E-02, 2. 9OE-02, 3.15E-02, C06 100
5 3. 0E-' , 32. 6-0 Z, .92'-02, 4.26E-1 2, 4. 60CE-, 6.95 E-0O2, C£ 110
6 5.30E-OZ, 5.6':;F-02, 5,00 E-02, 6.30E-02, 0.600-02, 0.•g9-02, 040 120
7 7.18E-02, 7. N07-fln, 7.60-062, 7.64E-02, 8.08E-02, 8.39E-02, C40 110
8 8.?OE-02, 9.1NE-P2, q. 567-02, 1.38F-01. 1. 200-01, 1.36E-01, C£0 140
9 1.5?E"01, 1. 0o-01, 1.,6E0-01, 1.E0E-01, 1.51E-01, 1.37E-01, C£6 150
S 1.22E-0-l 1.1r-nl, 1.16E-01, 1.14E-01, 1.12E-01, 1.12E-01, C4D 1t00
S 1.11E-01, 1.11F-01, 1.12--01, 1.14E-01, 1.13E-01, 1.12E-01, C40 170

1 . OQF-01, 1 .07?F-01, 1.02E-01, 9.90E-0?, 9.50E-02, 9.000-02, C4D 180
1 .6 5E-n?, -.- 700E-0?, 7. fi-r, U2 , 70F- 02, 6.50E-02, f.10E-02, C£4 150
S 5.50E-02, 4.95F-02, 1.50E-02, 4.0OE-02, 0.75E-02, C.4[0-0, £40 200
S 3.10E-02, 2, 05F-0?. 2.59E- 0,, 2.20E-0?, 1. 90E- 02, 1.75E-0 2 C40 Z10
S 1.60E-02, 1. 40E- 0, 1 20"--02, 1.01E-0?, 9.5OE-03, 9.00E-03, C£0 220
9 0,000E- r 7.QCOE-3, 9,.'0 -03. F,.00E 03, 5.50E..03, 4.75E-03, C£D 220
s 4.0 OE- ,I ? , E-03, 3 .0OE -03, 3.0[-03, 2.r,0F-0!, 2 .25E-03, CI0 24n
$ 2.00E-C', 1.!E-03, 1.700- 03, 1, 60E-o03, 1.5O-07, 1.OE-03/ C£D 2450

0A0TA8(C4) II = 115, 133)0/ C40 260
I1.0-' 1.'00-?3, 1.470-03, 1.!4E-03, 1.2S6-03, I.CbO-03, £40 270
2 9,06E-94, 7.r3-94, 6.'1E-04, 5.09lE-G4 "0E-C40, .36E-0

4
, C4D 280

.?,86E-04, •.72E-04, 1.94C-0k, 1.57F-04, .- 31I-04, 1-G0aE-Ok c40 290
4. 07E-O'S/ C40 300

G 4t H 420 CONTINUUM C£0 O10
r C5 LOCATION 1 V - 2350 CM-I C£0 2•0
c C5 LOCATION 1I V = 2420 CM-I C£6 220

0ATA(CS(I),0= I , 1 )/ C40 3,0
1 0.0 ,.i,,.Ij, I iz,.I I, .0o, , Iup.i?,.i61 C40 350
2 .20, . ,.2,4 3,3.00/ £40 200

C 07ONE U.. *, VISIPLF C£6 370
C CO LOCATION 1 V * 1300,0 CM-I C£4 380
C C8 LOCATION F6 V 24 200 CM-I C40 3S00
c OV T 200 Om-I C40 600
c CO LOCATION 57 V = 27900 CH-i C40 410
C C8 LOCATION j72 V = 5000g CM-I C£4 420
C rV T ,ou CM-I C06 460

DATA(C.A (),I= 1, 102)/ C40 460
1 4.50E-ý'!3, 0E,-0-23, 1.V:-L2, 1.10E-0?, 1.2?E-02, 1.71E-02, C40 .50
2 2.000-02, 2.002 .000-02, 3.840C-02, 4.780-02, 0.670-02, 040 600
2 6. 5E-0 2, 7,(?-I?, ,I91--2, 1.000-01, 1.09E-0t, 1.20E-01, C£40 &0
4 1.2 E-'II, 1.12E-01, 1.1IE-LAl 1.160-31, 1.19E-01, 1, 13F-01, CLI 480
5 1.0X- 01, S. ; -02, 8. 28-02 , 7,25"02?, 7.071F-02, .587F-02, Cho 4.0
6 5565E-0•, 4.77F-D2, .*060-02, 3.87E-02, 3.82E-02, 2.94E-02, 04C 560

7 2.,09E-027, 1,000-0?, 1,91;.-(,2 1,66E-022, 1.17E-02, 7.700-03, C06£ 510
0 6.10E-0', 6,00-E3, 5.100-03, 3.?OE-03, 2.200-Ot 3.10E-03, C04 520

9.~-3 1.9,9F-03, I .',.z -03, 0.290-C1'. . .500- 06, 0. * 04 520
$0. O 0. , 1.-6 '-u4, 2.14E-03, 7.30E-03, 2.03E0-02. C40 5640
0 . 90E-92, 1.RMl-01, 2.46E-01, 5.IBF-0I, 1.02F+0C, 1.95E+00, C£40 050

T 3. 79E+90 ,E, 6.4 WO00, 1 .2ý40+ 01 , 2.20E+01, 3. 600 + 01, 1 . 0+ 0 1, £40 96 f0
S 8,50.5 01. 1,?6&0?0, 1.08F+02, 2.CE0E+3, 2. 42F1'02, 2. 710F02, c40 470
S 2 .91E+02 , 102 +CO?, 3.03-_02 ,294E.+I2, 2.77F 0 2 2 . 46+•02, £40 580
S 2.'65+1, 1. 9-F,-0?0 1,.4F+02, 1."4040E 0.U2 117tE0 9.,7E401, C40 590
O 7 .6 E40'01 , F7 Z04741, ,u62C 0, 1 ,46F*31, e ;2,02+001 , 2 .00E 401I, £60 6 00
S1' 7 F+01 ,D 1,0.F.01, 1-001+01 8,80E+00, A3.0E0C00, 8.630E+00/ Cho c.u
REO URN C0C 620

N C 04 b 630
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'I'ablt A2. Description of IJOWTRAN Subroutines

I1OWEM Maain driver programi. Heads r control cards.

NI DTA Contairis the data for the six model atmospher0-s and
IIN(O profile.

0

NSM1DI. For user defined niodel atrospheies or aerosols.

IiPROF Sets tip horizontal piofiles of attenuator densities in
LU.)WTRAN units.

AERI'ltI" Sets 11o) approlp iite ae' osol hocizoirtal pr-file: ill,
model, selecýted.

PH FUDTA Contains the different aerosol niodel ',erttcal distili-
but ions.

G(e E0alculates the absorber amounts along the atnios -
pheric slant path,

ANGI. Calculates tie initial 7enith angle for the slant path
when H1I, t12 and BETA are given.

POINT ('omputes mean refi'active index above and below a
given altitude ard finds equivalent absorber densi-
ties at the altitude.

EXABIN !oads the :,,'rosr extilictim and absorption coefficicntr
for the appropriate models and boundary layer relative
humidity.

EXTDTA Contains all the aerosol attenuation coefficients.

PAT!] Lor radiance caltulations, saves cuiimlative absorber
amounts along slant path.

T"RANS Calculates transmittances and radiances for slant path.

TEFN Contains tIransm ittance functions. 3

AEREXT Interpolates ae i'osol attenuation coetffteients for
values at wavonumber i.

11N03 Dete'mitm's nitric acid absorption ecofficient at ,,.

C1DTA Contains water vapor' absorption coefficients.

C2)'TA Contains uniformly mixed gases absorption coefficieits.

C3 DTA Contains IH ozone absorption coefficients.

C4DTA Contains abso'rptioni data fui' nitrnogcn contiririum, 4-join
water eontimuun and ozone UV and visible data.
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Appendix B

LOWEM Symbols and Definitinns

ABSC Aerosol absorption coefficient
A i A\iWavele(ngthi (P1111)A

A NGLE Input zenith angle (degrees)

AVW Average wavelength used in refractive index expression

B3E'V" Angle subtended at the earth's center as path traverses
adjacent levels

B3ETA Total angle subtended by path at earth's center-

CA Conversion factor from degrees to radians

CC) Wavelength d&)endent coefficient used in refractive index
expression

CW Wavelength dependent coefficient used in refractive indexexpression

DUMMY Used when IHAZE r 7

DV Wavenuniber increment at which transmittance is calculated

E(K) Equivalent absorber anmounts per Inn at height Hi

EH( I 1) Equivalent absorber amnount per- km for B120 at level Z(I)

ElI(2, I) Equivalent absorber armount per knm for CO 2 + N,0 etc. at
level Z(1)

3I11(3, 1) Equivalent absorber amount per km for 3 at level Z(1)

EIt(4, I) E~quivalent absorber amount per km for N2 at level Z(I)

1t11(5, I) Equivalent absorber amount per km for 112 0 continuum
at level 7(I), (10 pm)
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II( IE, u) lquivalent absorber' amount per kim for' mohecular septic r-
ing at level Z(1)

E1-I(7, 1) Eoquivalent absorber amount per ki itc.r aerosol 1 (0 to 2 kin)
at the level Z(1)

l11(I(, 1) Equivalent absorber arount per ki, For' ozone (liV and
visible) at level Z(I)

Ett(9, 1) Mtean refractive index of layer above level Z71)

EI(10, I) Equivalent absorber amount per kin for I 2G continuum al.
level Z(I), k4 pnm)

Ett(l 1, I) Equivalent absorber amount per km for nttrie acid at
level Z(I)

11(12, 1) Eqiri alent absurber' anrountt per km for aer'osol 2 (2 to 10 km
region) at the level Z(1)

Eli(13, I) Equivalent absorber amount pero km for' a'rosol 3
(10 to 30 kin) at. the level 7(I)

EI1(14, I) Ifquivalent absiorbecr amount per' km ifor aeroasol 4
(30 to 100 krn) at the level Z(1)

Eli (1.5, 1) IRelative humidity ', 1'11(7, 1)
Ex'F C A eroseol exti nction coeffic ient
I-II Initial altitude (kin)

112 Final altitude (kin)

WM iN lMinim um altitude of path t raj'ecto ry (kin)

JITVX(I) Nitric acid volhumro mixing ratio (tiarec 1. U Tl G',U) at beth
level Z(1)

Si''(iI•(I) Interpolated nitric acid volume irm ixing r-ntius

II (I) Ilollerith titles for visability

I Running integer' used as altitude (level) indicateor and
fl'eqcr ency inrdicator'

ll Ai i'ay used to saeIect tile ('orir'et aerosoi cxtin,'itn /
ah)sorption cocfficicnts farowi EXABIN

IFt!ISS Input control pii3arMeter (Iilermi ring node rf o prograrl
execution (so for transor ittance, =1 ror ,adriunce mode)

14N 1) Indieiloor fri using subioutinte ANGLI

Illt Z11; 1 , 1''. '' r '' aiiSii ,lnuel iparamneter (0 tir 2 kni)

IJ lunniiig integer used as layer indicator along the anmospherie
path

INTl Lower li'uit ot layer loop ( 1)

1KIVlAX Upper lirn it of layer ri op

I]. Integer indicator used to deter'ine if the attarospheirir liab
intersects ill cairth

I11] Pacalrlnetec used whell reading in a new atli osidheric inmodel

ISEASN Pai'armc'ter for seasonral dependenie of aerosol prof'ile

Ili l'l1E Indicator for typie of atm ospheric parth

IV 11CN Volr;irric aero'isol inodel paraim•.tet' (10 to 30 liii)

LN"," ia'ajiMeter lfF t.''rliiLatiing Jiroglirl and cy ling irdoicalor
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J3LXTRA Integer indicatoe used when Hi1, U12, and IIMIN are in the

sami, layer (ITYPE-2)

JMIN Altitude indicator for mininmum height of path

JP Print option parameter

1 1,evel indicator for altitude Itl

J2 Level indicator for altitude 112

K1V1AX tipper limit of absorber amount loops (-15)

LEN Parameter used for, defining longest of two paths

LENST Integer storage for parameter LEN, needed for, cases run

in succession

TV1 Integer used to identify required model atmosphelre

MIT Number of levels in radiosonde data input (Mtl)EI,] >7)

\4ODE'I Integer used to identify required model atmosphere

TOl Integer for selecting temperature altitude profile for (M=M1)

M 2 Integer for selecting H2() altitude profile for (M1v12)

M i3 Integer for selecting (53 altitude profile ror (Al :1313)

NI, Number of levels in model atmosphere data

NLI Equals NL-l

NP1 Valuo of NP for altitude Ill

P(M, 1) Pressure (nib) at level I for model atmosphere Al

lP1 1. 141:;)r i4z A thai is (7T)

R.ANGEh Path length (kin)

R E IEaith radius (kini)

lIItHUM (I) Relative hiumidity (percrerit) at the level Z(I)

IMO Earth radius (lni) read in as input (BIE'I)

SEASN(ISEASN) Holle rith titles for the season foir the 2 to 30 km region

T(M, I) 'I eolpei'atuoe (OK) for mrrdel atmosphere M\4 at level 1

TB1BY(IJ) Average telmopu'rature' of the 1J la''r

TBI3OUND lnprtl teri(r'rat.re i(i' tire bo(undapy in IN

TX(K) Equivalent absoriber amounts per kim at a given altitude
obtained fi'om POINT; also Itransr ittanee values at a

given wavelength for each absorber type (K i 1, KiMAX)

TX(9) Total transmittance at frequency V

TX(10) Absorption due to aerosol only at fi'eqireriry V

VII(K) Intehgral of tile eqo ivalriLt absorrber amounts fr'oom Ill to 1,hvel I

VIS Meleieo 'ologicra ra;ge (kin) at sea level

VS13(IItAZE) Default itl com olugi(-al range for thi boundary layer aerosol
miodel lIa 7ZE,1

VUlCN Ilollerith titles for the volcanic aer'osol model (10 to 30 kin)

VX2 Wavel'ngtlh array associated with ELXIC and A]3C'S

V1 Initial frequency for' transmittance calculation, cmhi=

V2 Final frequency for transmittance calculation, cn-
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W(K) Total equivalent absorber amount for entire path

WIIMVl, I) Wator vajor density for atmospheric mnodel M at level I
(gin n-

WLAY(I, K) The absorber amount for the species, K, and the
atmospheric layer, I

WO(M, I) Ozone density for atmospheric model M at level I (gin m-3)
WPATiJ\IJ, K) The cumulative absorber amount of the species, K, for the

IJ layer along the atmospheric slant path

X1 Earth center distance of level I

X2 Earth center distance of level I + I

Z(1) Altitude at level I in km

21
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Appendix C

LOWTF(AN 5 Segmented Loader Map, AFGL CDC 6600
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Appendix D

Water Vapor Density and Relative Humidity in LOWTRANj

]AJV RAN requires both the water vapor dlensity, used in calculating the

illiohlif'11 iii rid cenit ini. till) absorption, and the relative burin idity, needed for' iute r -

pointing tire rehtd Em trnidit ''deendent ac tosol extinict ion coefficients. 'Tie

user' is given a choviuc of rnetee'olegicM Piraranetei6 iv itir which to specify these
quontities. The Flossible choices are tir ambient tenipe eatrre andc any one of ft(e

falowtrg:relative Iurvi dit' Pow -point ternije'r'atu re, or wvate r Vapor' dens ity'.

[2 rrlii airy one of turese three ronal' iriiitiens, the progr'anm wil supply the nii se rg

\'alues o! w'ate r Vap1)(r' denIs fry ar .d/eri-ei ravu Immidity as dose ribed in the rnv:t

i ect io n. H
Tlre percent relativeC tmrrr 1iii iy, lilt, is defrileci as 1N0 tilires the caneti of' tire'

aimbient nrass mix lg ratio 0n e~ tir sate ratk i~rinix ing ratio, rn, . Tireiiixirrg

PAOtitm din lned as Itih' r'ito w0 thtŽ oe dnsiy of? water vupoi f) p , thre draity of t14e

dry air p d4

'ther Ia r'e )(d
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where p is the saturation density of water vapor at ambient temper'aturc and pds

is tile density of tile dry air at satl llat.ioll. T'lel setatu'ati ,n water vapor delnsity at

a given tc e ,ra'al.ur'e T is given', by tile followitog erupirtcal exj ress ion.

') -3
I) A cxp (18.9P5(t - 14. 9595A - 2. 4388A ) ginlrIs

whelre A T 0'T(O' 0 t), T' - 273. 15K, and t is in 0C. This cxprcssioil was found

to give a good fit to publishi-n values of saturaliori wataer apor den.rsit>' ovcr \v ater"

to bettteI' tiani 1 percent for0 temperatures between -500C to 500C. DC

The fol•owing section doscribes Ilie eqIration used to supply tin r missing values

of water vapor denLsity and 7cr relative humidity.

1. Given: atiibierrt tenitpei;r11rute t in ll and relative humidity 1III; find )v"

0 ) / ( I ) -'1' -

\Wher''t, His the p~as constant tor water vapor (1. 6150 x 10 ' nb grill Kr I,

T T ' t•3arid P is tire total pr' •sStrit' ill 11)Ib. If the rat io of jd/P /p' e x'cc to be

neglected itt the eqquation for' !iIM, then p is given stmtly by

p - (t) N
100

2. Given: ambient cumperaturt t and dew-point temperatuire tl), both in oC;

find p1 and IxII.

'lrehe dtew-po llt ternp,' atuitrcc is defined as that telpol 'aturre at. whii tile

arbiert water vapor p) ssorvc Would jrst saturate the air. This coird itioni gives

xliure 't' '1' and T D a re the ambient aid dew-point tempeirature in K.

Tl cieliir' huinmmidity is given LV

Pv P - pit)
100 f st) 0"0

D. Sclb', J. 1. A., ard McCiltoicry, IR.A. (1975) Almospphiric Tranrn miancc
Vi'trn 0. 25 to 28 5 Microns: Computer Code L•iwtran 3, AI.'CHill-TI -75-
0255, AD OAT17 7347.

1)2. List, 11.3. (1968) Smitlhsonian Met iorological Tables (6th revised edition).
Sillisinraolllall Instttute Press, waoihingtonr.
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whIere = P/(IIvT).

3. 3iven: t and p find El]

liii is calculated ill the same way as in 2.
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5 Appendix E

Subroutine DRYSTR

Subroutine DRYSTR, listed in Table El, can be used in LOWTRAN to generate

"Ody" stratospheri" water vapor profles. The subroutine usbes a constant mass

mixing ratio for water vapor above 15 km based on a recent analysis of field
El

measurement data by Penndorfl In order to use this subroutine, the user should

insert a call statement in the main program (PI3CX;3AR.M LOWEM) immediately aFter

line LOW1240, as follows

CALL DIYSTIR LOW 1245

A n-ebaatkgr will be pi iritcd on thi, output rite whenever this subroutine is called

giving the value of the mass mixing ratio used to generate the modified water vapor
Prof'iles.

polegures t ia and iab snow til "dry" WbtltopeV1it waterL ,apoi iC ciiles VS

altitude from 0 to 100 km and expanded profiles from 0 to 30 km calculated from

subroutine DRYST1l, A mass mixing ratio of 2. 6 ppnim was used.

El. Penndorf, R. (1078) Analysis of Ozone and Water Vapor Field Measurement
Data, Federal Aviation Administration, Washington, D.C., eportF•A- - EF- 78f-29.
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Appendix F
Comparisons of L-OYVTRAN with Measurements

Copn atri.-oasni' of 't ],iAFH' 1-1- -IL I 'n,-1roeet S C t.1 1o~e 1 kAN' A _N
reports VI, F2, 1VS ar L`(, cte lirt,'- Ior roo--di' 'e1trii.jost' err]ie com-t~le

Jrarisoals usedt either the viltt l 01' ave ratge (")rI tuiclanl ext incii ot coefcic erdts for

tihe no r'csl mor at s.
j-igurtes F 1WaId F 2 show t raitafliLjIaici' )fljl xiotiS f J,(l -AT[, (h Itor

d1iraide bands, It xxil csoii r 101i.tt tire LOW I'A N W1]tta 't gc itcv'ith

tir.- totk 2.5ff e tO pl S]O 'l tt'tisiisrrlt.Žir''.

1'FI'lrt'1 c oi 1F3 mtrttrItl' rotirpariattort v, 0h11 rleo xatrcfci

1.; Astrie'' Ot ;J (6D i(re' I Dvytittrrct). I'l h e O, P M W tIrcdtaL r tr' tttj i t t'tlr n

i -r(i' 1 A. I -iciti/x, iý.N. Cci [witit I- C 11.i --in ti , T 'e1;rtcelr , H. A.
1l "78) Atmtn' Lwtic T]i Itk'l rioott'rtc lick oIl Ntri C Ot oh 111tl C-ode I OWTFPANT 4,

AI~ IVCZ 00 -: AF,8-ODTD AR05 GI3

1i2 SNi 11x J .IK A SThitr 1c % 11.nart] A]ý Ci 4( lcy , I N ) (1 tt A ia'et(sprhcr'ir
IT ttt1.5t1ttt t c (fi Ittrti ~1) t 28. 5 um: Suppletl( Nnt ( AN 1 IA.LfL, AVGl_-
Ill 76-0' 't l5 A10 0

St'(211 1,J 1. A. r, t (1 I i.)'-y Ii, A. (1975)i Aticnplti( t' 1'rarrsr ittariio

_Ft en- 0. 2.5 to 213 5rLjtrl 0 ýoirnxtrr k otr I oWvlTI3AN Al-_Ti1l -- Tl(-75-6255,
AD AOI ' 734,

- ,1h C ). (l.". ) GI.s -] Av~l.,1 trt xi .twa.. ' or Vjt rd WI ~msir

Atrnrtsj ýIrcr'ic (%rrgtitrreats, ~~ ,- 2 6 8

F5,) ArlIr!ey, (3.ý Gz, UsI itnair , I_ jnc jort:Pla, I). (11)75) I o-r oniti'tia

pRjECEDiNG raýG BLAWNK-OT flLtCD



intecfec'occete c' of -4-cm- resolution from 1. 8 tio 5. 4pm, is for a 1. 3-km-i sea-

level hiocizcontal pathi.

1,igurc- F4 shows a comicpariisoni of the cc lc'ulated xcipw ,r d aticospher ic cadiamico

with ccll i citvrerid e 'eitcr meas3ueo-el et fr-cm a balloon Flight oviHer northor-n Nob raska

bY- Chaney at the Uncivers ity of El irhigani. The measoc'eccienlt was takeýLn at a fluat

altitude of 111, 700 ft. ic eili-ulatod i-ad iant' used the mcidlat itudi' w inter' model,

withi a 23-i-inc visual range, and a ground tempcc'aturce of 2 d0otK.

F'igor( c-F5 shuows cL, cupatciaon of an incet-feconielt' cmeasucreien t mnadeII F7
ficcoc the Nimbcuvs 3 satellcte looking down ovor the Gulf Of Mv'xieO With the Cal -

relicted atcc iaoplierc-c i-adijacn(-, 'Phi' Ic'solttion of the intec-fercometei' wasS vi

as,ý coimparec-d to ltce 20 cccc cresoclution ccf J GW'RA N. 'Iwo tlcoc'etical models,

I ice tropical aInd ccc id taritedo -' .cccccc' v, wei'e use d for comipacison, as shown in

1'gice V- 17 and a c-c displaced two div s icns above and below the measnrc'd radiance

for -Iarcity. Iloticod-I cczcilccssumed a 23-kin visual ranige and usedý the tenmpecraturo

ait 0 1KM ici Ilc cccidei at ciosjluccrc as the boundac'y t empercature.

F'igurc' 1-c; sws tihe kciccipa casoci cof atm osplicrci c c'ad icanc'c as seen- fcroct spicec

hc't11 "Oi''e tic", I G' N aicnlaticcnl and nceasu cemenits frc'oc tice Nimbus 4 scitoill i'

focr tliv t-o di ffe-rent geogc'apcic Ic'loccat iocns. The sport ra, ocbtaicced w itic a Miicheiscin

i ate ifi' cocci etc, c'If resoluition 2. 8 o, Ii , wverce ciii' sti cc ovoer the Saltic-a Dose rt,

cthe Itleclitvi' 'ccIcvc~al and lice Antacic-tic, The calrculat('d I AWTIA N ccidiinuces us~ed

thi' cciidititode wvinter c'co del and a gc'ound tem pcri-tvice of 320"' K frir the Saharin;

rice cii[idat itidi' WIa' 2 lut c ii 'del acid A grouend tonileca tor ii'f 28 311K fo t c'liii Mveditecr-

vanean; And ccci icti c wit'xcict(t' cold c- .- I-.' ti kici, fi-ici lice A -R latidhook icf Coo-

phIYsicsS and SIcaC'c iiccvc c-ccic-ic cUt a nc, a g-'oucidl teoiperiaticr '0o~f 190 1)K for the

Antarcit it- cvcni ca irisoi. Alt ticrc-c cal culiationis assuin ccl a 23 -kcc i viscial i-ange. fo)c'

VC-xui-c 1-7 tiivgc1210 Shim x coc I cnprisoci iif calculcitcdl aind obsec'ovevi atmc bs-

phecio j.c 4pý cal cadi cuc ccv'xs xx cc wlength in the 8- to 14-pin sped i-al region. The

III ('asic i'eii (-cits a xi'cic ia cace ucc aI ialloun ft i glt 1 aucched [cocc liollcician A Illi, Ne'w

Mexico h-', Ml Lii- cay ci a 1, 110 Unive icity i'f Denver. The inst rucment used f'-ic' these

oiisci'vctcciia wccc, a 1 ,11i' gi-cting specicicincite-, ojcýi'iicie ii Uluc ^i, st. and second ,r-

dci (' Olt vie c-it ici% licc'"c-selut iotn wa cs 0. 03 gti i in tice 8- to 1-l-pil cegion. '1huc

dcxtci ill lth-ac' lit,1oi-cs :oi-c p c-'Secctc-d as- a foai ccii ocf altitude and ca co function iof,

zvcclic It acigic-'. 'Ilc- 10W'L RA N cadinnc- 'cilCi-caiolc lxvsed thIC11(' SI C, teniceratil-ci,e

(i/tide, cicid ciii c-ic' o idi iciofilos fr'omi Ilce. lMorc'aY i'cpulxct, cmvi an thec cicidlatitude

wicitu %v~i ite vvclioi icctiilc' ticntaiinedt in 1 UWTiiAN.

liet'acIsi- (J ilce larcgeý cniuci'ei- if c-'o-'fiscit cc cbox'c, they xxill icot Lv-ý lkjctd icc-c-.
St- lef'cc-s iiR 23:1.
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